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ABSTRACT 
This thesis documents the history of Quaternary mammalian faunas from the northern 
Monaro region of the southern highlands of Eastern Australia. The area currently has a 
cold semi-arid climate and, together with a series of fossil localities of different ages, 
provides an opportunity to examine the relationships between faunal changes and 
palaeoenvironments in this part of Australia during the Quaternary. 
Fossil material from seven localities within the northern Monaro region is described 
together with the geology of the sites in which they occur. The localities are Pilot Creek, 
Bunyan Siding, South Bunyan, Bulong, Tannery Creek, Ryries Creek and Rock Flat 
Creek, all on tributaries of the Murrumbidgee River near Cooma. Detailed stratigraphic 
studies, incorporating several dating techniques have been employed at the two major 
fossiliferous deposits, Pilot Creek and Bunyan Siding. A stratigraphic sequence 1s 
proposed in which the contained faunas are ordered chronologically. 
The oldest dated mammal fossil-bearing deposit in the region is at Bunyan Siding. It is 
an alluvial deposit and comprises two fossiliferous Quaternary units, which 
disconformably overlie Miocene palaeolake sediments of the Bunyan Formation. The 
Quaternary units are described as two new formations, the Jilliby Formation and Nestle 
Brae Formation. They are interpreted as having been formed in a fluvial environment 
consisting of large and small meandering channels and adjacent floodplains. Dating of 
the site using palaeomagnetism and optically stimulated luminescence establishes a 
Middle Pleistocene age (120 - 780 ka) for both units. Two local faunas are recognised at 
Bunyan Siding, the Jilliby Local Fauna and Nestle Brae Local Fauna, each defined and 
named after the stratigraphic units that contain them. 
The other major locality, Pilot Creek, is a valley-fill sequence comprising a series of 
channel cut-and:-fill units and marginal alluvial fans of Late Pleistocene and Holocene 
ages. Five stratigraphic units are recognised and described in detail including the 
description of two formations, Pilot Creek and Willow Bank. Each unit contains a local 
fauna. Fourteen radiocarbon dates enable absolute ages to be placed on some of the 
units. The oldest fossiliferous unit in the Pilot Creek sequence is the Pilot Creek 
Formation which has been radio metrically dated at circa 25 ka years BP. The next 
youngest unit in the sequence is an alluvial fan deposits, QFl which has been dated at 11 
ka. A third unit, the Willow Bank Formation, is a channel-fill unit which truncates both 
the Pilot Creek Formation and the QFl unit. Dates from the Willow Bank Formation 
range from 6 ka to 2 ka. A second alluvial fan unit, QF2 inset into the Pilot Creek 
Formation, is dated at 4.5 ka. A recent alluvial unit, PESA, is at the top of the sequence. 
From the stratigraphy of th~ valley units five local faunas have been defined, providing a 
faunal record in the valley spanning the last 25 ka. 
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The Middle Pleistocene Jilliby Local Fauna and Nestle Brae Local Fauna are the oldest 
mammalian faunas investigated in this study. The Jilliby Local Fauna includes at least 17 
species of mammal (11 extinct, 6 extant) from 8 families, as well as fish, reptile and 
amphibian material. Three mammalian taxa are considered new, including an unknown 
vombatiform, a macropodine similar to Macropus agilis, and a species of Pseudomys 
similar to those in the P. australis-group. The Nestle Brae Local Fauna comprises two 
extant mammalian species, Dasyurus viverrinus and Vombatus ursinus. 
The Late Pleistocene Pilot Creek Local Fauna (circa. 25 ka) comprises nine species of 
mammals (7 extinct and 2 extant). The extinct forms include Sarcophilus laniarius, 
Diprotodon sp., Thylacoleo carnifex, Sthenurus sp. indet., Protemnodon anak, 
Protemnodon roechus/brehus, and Macropus titan. The extant taxa are Vombatus ursinus 
and Macropus robustus. 
A different mammalian faunal composition is seen in the Holocene faunal assemblages 
from the Willow Bank Formation, QFl and QF2 units in the Pilot Creek valley. With the 
exception of two recently extinct mammalian taxa, Thylacinus cynocephalus and 
Conilurus albipes, all other species (14 in total) represented in these Holocene faunas are 
extant. Only six of these still occur in the region today, indicating there has been 
considerable faunal change even during the Holocene. 
A formal description of the new macropodine from Bunyan Siding is given in this thesis. 
Other taxonomic issues addressed include the discrimination between Protemnodon 
roechus (Owen) and P. brehus (Owen), the conservation of the generic name 
. -
Procoptodon Owen and the specific names P. rapha Owen and P. pusio Owen, and the 
discrimination between Macropus titan Owen and M. giganteus Shaw. Temporal and 
geographical size dines in M. giganteus and M. titan are examined using new data 
including sainples from the Monaro. 
From the faunas in the study sites at least five periods of faunal change in the northern 
Monaro region are recognised: the first is indicated by differences between the Middle 
Pleistocene faunas from Bunyan Siding and the Late Pleistocene fauna from Pilot Creek; 
the second is indicated by differences between the Late Pleistocene Pilot Creek Local 
Fauna and the Holocene QFl Local Fauna; the third has occurred between the QFl and 
QF2 Local Faunas's; the fourth has occurred between the QF2 Local Fauna (4.5 ka) and 
100 years ago; and the fifth has occurred in the last 150 years. Possible causes for these 
faunal changes are discussed including palaeoenvironmental ones (climatic and human). 
The first of these changes indicates faunal turnover involving the species of the 
macropodid fauna. The second change completes the loss of the megafauna. The third, 
fourth and fifth are continuing fauna! changes involving faunal impoverishment. 
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Chapter 1: General Introduction 
CHAPTER 1: GENERAL INTRODUCTION 
1.1. AIMS OF THE STUDY 
The aims of this study are to describe the Quaternary faunas of the northern Monaro 
region and the sites in which they occur, to present a probable faunal sequence, and to 
examine the relationships of that sequence to the Quaternary palaeoenvironment. 
1.2. SCIENTIFIC SIGNIFICANCE 
Woodburne et al. (1985, p. 348) stated in relation to the biochronology of Australia's 
vertebrate faunas that for the Quaternary "integrated palaeontological and geological 
studies are badly needed to chart the Quaternary faunal changes and determine their 
causes against the background of Australia's unusual Pleistocene history". Since their 
review there have been several studies describing faunal sequences and documenting 
faunal changes in the Quaternary, with some of these sequences extending back in time 
into the Pliocene. Examples include: Plio-Pleistocene sequences at Lake Eyre (Tedford 
and Wells, 1990; Tedford et al., 1992) and Wellington Caves (Dawson, 1985, 1995a); a 
Pleistocene sequence at Victoria Cave (Wells et al., 1984); Late Pleistocene-Holocene 
sequences at Allens Cave (Walsh, 1994) and Madura Cave (Lundelius and Turnbull, 
1989); and a Holocene sequence at Jenolan Caves (Morris, 1992). Together, such faunal 
sequences preserve evidence of faunal changes which can be correlated with climatic 
records, human occupation records, and other components of the surrounding 
environment. 
There are several important features of the study area which allow it to contribute to our 
knowledge of faunal changes and Quaternary mammalian palaeontology. 
Firstly, in the Monaro Tablelands region of southeastern Australia (Figure 1.1) there is a 
sequence of local faunas preserved in a number of fluvial deposits which provide a rare 
opportunity to examine faunal change in this one part of Australia. The Middle 
Pleistocene fauna in the region is represented at the Bunyan Siding locality. In the Pilot 
Creek valley there are four local faunas preserved in the sedimentary sequence, spanning 
the last 25 ka. This type of record has the advantage over a faunal history compiled from 
individual sites across a broad region because there are no compounding effects due to 
variation in space, enabling variation in time to be examined in a reasonably clear way. 
Secondly, there are many Pleistocene localities throughout Australia, but most are 
inadequately dated (see Baynes, 1992, 1995). Some parts of the Pilot Creek and Bunyan 
Siding sequences can be dated (see Chapters 4 and 5). Absolute dates from units hosting 
articulated material provide reliable dated occurrences of the contained fauna. This type of 
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data is rare and significant for addressing questions relating to the timing of events of 
fauna! change. Furthermore, some of the Pilot Creek sites contain dated occurrences of 
Thylacoleo carnifex, Macropus titan, Sarcophilus laniarius and other large Pleistocene 
taxa commonly referred to as 'megafauna' at 25 ka; one of the few more recent 
occurrences of these large taxa in Australia. Using new dating techniques the age estimate 
of the local faunas at Bunyan Siding is now Middle Pleistocene, not Late Pleistocene as 
previously thought (Ride et al., 1989). This revised age estimate pushes back the last 
known occurrence of certain taxa from Late to Middle Pleistocene within the region (see 
Chapters 5 ,6 and 7). 
Thirdly, the dated faunal sequence at Pilot Creek provides an opportunity to correlate 
fauna! change with climatic events postulated by extensive geomorphic and palaeobotanic 
studies by others (see Chapter 2 and 7). Pilot Creek is one of the few localities in eastern 
Australia containing a faunal sequence which spans the last period of considerable 
climatic fluctuation at the end of the Pleistocene. 
Fourthly, morphological variation to environmental factors (see Chapter 3 section on 
Macropus giganteus and M. titan) can be stucEed using the material from Pilot Creek. In 
addition, the valley's close proximity to one of the few Australian areas subjected to 
glacial activity in the Late Pleistocene, the Snowy Mountains, as well as its high elevation 
makes the locality particularly suitable for examining questions about climatic effects on 
fauna. Large samples of M. giganteus and M. titan reflecting size clines and dwarfism is 
one example of the type of climate/fauna relationship addressed by the Monaro data. 
Extensions to the limits of previously known geographical boundaries of particular 
species, for example Perameles gunnii and Gallinula mortierii, brings into question 
previous interpretations of habitat tolerance and hypotheses about alterations to 
distributions. The morphological studies of the taxa represented at the various localities 
(Chapter 3) adds to our knowledge of the natural variations and size of particular fossil 
species. 
F aunal Definitions 
In this thesis the word 'fauna' refers to an assemblage of taxa from one or more sites in a 
particular geographical area representing one time period, and that have similar faunal 
content (e.g. the northern Monaro modem fauna). The term 'local fauna' (abbreviated 
LF) refers to an assemblage of one or more taxa from a single stratigraphic unit from one 
site or from a few geographically adjacent and temporally equivalent sites (see Tedford, 
1970; Woodbume et al., 1985; Archer et al., 1989). Thus, a fauna may comprise several 
local faunas of similar age from the same region. A local fauna is usually named after the 
stratigraphic unit in which it occurs (e.g. the Pilot Creek LF is from the Pilot Creek 
Formation), but occasionally from the site name if stratigraphic units are not formally 
named (e.g. Bulong LF). 
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As used here, a 'site' is a location where fossils have been collected. Any concentration 
of bone in a stratigraphic unit constitutes a site, and there can be several sites within a 
single unit. A 'locality' is where there is one or more sites in the same geographical area, 
sometimes in several units, such as in the Pilot Creek valley. 
1.3. STUDY LOCALITIES 
The vertebrate fossil localities described in this thesis (Table 1.1) are found in the 
northern Monaro region of New South Wales, between latitudes 35o40• and 36°15' 
South and longitudes 149°00' and 149°15' East (Figures 1.1and1.2). 
The northern Monaro region is defined using physiographic features as the tableland area 
enclosed by the Snowy Mountains to the west, the Cooleman Range to the northwest, the 
ranges in the Australian Capital Territory (ACT) to the north, the Tinderry and Kybeyan 
Ranges to the east, and the Monaro Range to the south (Figure 1.1 ). The region covers an 
area of approximately 7000 km2 and makes up the northern part of the Monaro 
Tablelands. 
There are two major localities, Pilot Creek and Bunyan Siding, and five minor localities, 
each comprising a number of sites. The sites are open sites (as distinct from cave sites) 
and occur in alluvial sediments along tributaries of the Murrumbidgee River (Figure 1.2). 
Locality EastAMG; NorthAMG Latitude Longitude Altitude (m) 
Pilot Creek 686155; 5999445 36.13190$ 149.0689oE 845 - 860 
Bunyan Siding 695365; 5995950 36.16130$ 149.17200E 730 - 740 
Tannery Creek 688850; 5994645 36.174505 149.09990E 760 - 770 
Bu long 690665; 5992455 36.19380$ 149.12050E 750 - 760 
South Bunyan 693720; 5993735 36.181705 149.1542oE 740 - 750 
Rock Flat Creek 698580; 5996250 36.1581°5 149.2076oE 730 - 740 
Ryries Creek 604550; 6956300 35.715005 149.1630oE 690 - 700 
Table 1.1. Northern Monaro fossil locality details. Grid references are cited using Australian 
Map Grid (Zone 55) coordinates from sheets '8726-Michelago' and '8725-Cooma' of the 
1 :100,000 scale topographic map series, National Mapping Authority, 1977. 
Pilot Creek 
Pilot Creek is located west of the Murrumbidgee River 12 km NNW of Cooma (Figure 
1.2). The Pilot Creek valley is a narrow valley extending for some 8 km northwest from 
the Pilot Creek - Murrumbidgee River junction through the grazing property 
'Yalcowinna'. The valley is enclosed on the northern, western and southern sides by 
ridges of sparsely wooded basalt hills and along the eastern side by well vegetated, steep-
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sided gneissic ridges. There are several tributaries of Pilot Creek which dissect the 
sediments providing good exposures. Although the valley of Pilot Creek is short, the 
gradient in the central part of this valley is approximately 15 m/km. ToW. water catchment 
area for Pilot Creek is about 18 km2. The creek flows throughout winter but during the 
summer it reduces to a few large waterholes. 
Vertebrate fossils are exposed over a distance of some 1000 m in the gully walls of Pilot 
Creek and its eastern tributary, Thylacine Creek. There are at least 22 named sites within 
the fossiliferous area and these occur in several sedimentary units. The stratigraphy of the 
Pilot Creek valley is described in detail in Chapter 4. 
Bunyan Siding 
Bunyan Siding is located 8 km NNE of Cooma in a road cutting on the Rose Valley Road 
adjacent to the 'Cloyne' property (Figure 1.2). The locality is near Cooma Creek, which 
flows northward from the Monaro Range past Cooma into the Numeralla River, an 
easterly tributary of the Murrumbidgee River. It is a westerly facing exposure extending 
laterally for approximately 150 m and is up to 4 m thick. 
The Bunyan Siding fossil locality has previously been referred to as 'Cooma Creek' 
(Ride et al., 1989), but is renamed here to avoid confusion with other deposits along the 
Cooma Creek. It is one of the .most prolific vertebrate fossil localities in the study area 
(see Chapter 3 and Appendix A). It contains two fossiliferous units. The stratigraphy of 
Bunyan Siding is described in detail in Chapter 5. 
Tannery Creek 
The Tannery Creek fossil locality is 5 km NNW of Cooma, in the western bank of a 
deeply incised creek called Tannery Creek, which joins the Murrumbidgee River near the 
Cooma water pumping station (Figure 1.2) on 'The River' property. It comprises two 
small sites, within a sequence of fluvial sediments correlated with the Pilot Creek 
sequence (described in Chapter 6). 
Bulong 
The Bulong fossil locality is an alluvial deposit 4 km north of Cooma in a section of gully 
wall of the Cooma Creek. It encompasses four collecting sites, one site containing 
Macropus titan (see Chapter 6). The sites are accessed from the Mittagang Road below 
the Cooma Creek bridge. 
South Bunyan 
The South Bunyan locality is a road cutting exposure located 6.8 km north of Cooma on 
the western side of the Monaro Highway opposite the road junction with the Rose Valley 
Road (Figure 1.2b ). The fossiliferous unit is positioned almost 10 m above and 50 m 
southeast from the present Cooma Creek. 
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It has produced a small collection of bone including a tooth of Diprotodon sp., and is 
tentatively correlated with the sequence at Bunyan Siding (see Chapter 6). 
Rock Flat Creek 
The Rock Flat Creek fossil locality is some 15 km NNE of Cooma on Rock Flat Creek 
(Figure 1.2) and comprises a human burial site on the southern bank of Rock Flat Creek, 
which flows northward into the Numeralla River. The burial site is 1 km upstream from 
'Rose Brook' station (Figure 1.2b), on private property with restricted access. It was 
excavated by Cooma police in 1991 and comprised a single deposit of animal bone 
material associated with an Aboriginal burial (Cohen, 1993; Feary et al., in prep.). The 
grave was 1-2 metre from the top of the gully wall in Holocene sediments. The faunal 
material is described in Chapter 3 and stratigraphic correlations of hosting sediments 
discussed in Chapter 6. 
Ryries Creek 
The most northern fossil locality in the study area, Ryries Creek, is less than 1 km from 
Michelago (Figure 1.2). A femur identified as Diprotodon sp. (Chapter 3) was collected 
from river gravels in Ryries Creek, an easterly tributary of the Murrumbidgee River at 
Michelago (Figure l .2a). The bone was exposed on the surface of a gravel bar on the 
northeast bank 2 m from the creek edge on a low terrace. The collection site is 
approximately 250 m downstream from the old Canberra-Cooma railway bridge. An 
inspection of the surrounding area did not reveal a likely source deposit for the bone. 
1.4. HISTORY OF DISCOVERY OF FOSSIL SITES 
The earliest mammalian fossils recorded from the northern Monaro region are from caves 
at Yarrangobilly, Cooleman, Rosebrook and Kybeyan Caves (Leigh, 1890, 1892; Leigh 
and Etheridge, 1893; Etheridge, 1892). However, the whereabouts of many of the cave 
fossils collected by Leigh and Etheridge in the 1890's is uncertain; only a small number 
are held in the Australian Museum in Sydney. 
In 1931 specimens of Diprotodon were presented by a Mr Hassel to the Australian 
Museum. They were collected from 'Cooma Creek, near Bunyan' (Australian Museum 
Register entry, 1931) and were available for this study. 
Fossil material was first collected from the Pilot Creek deposits in 1968 by the property 
owner of 'Yalcowinna' (Mr Ian Davis) and sent to the Australian Museum for 
identification. In 1982 specimens of M acropus titan were collected by a geology student 
in the course of a post-graduate mapping project (see Foudoulis, 1982), prompting 
palaeontologic and geologic investigations by Profs W.D.L. Ride and G. Taylor from the 
Australian National University (ANU) and University of Canberra (UC), respectively. 
Later that year a near complete skeleton of Thylacinus cynocephalus was discovered at 
Pilot Creek. 
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· The university team of Ride, Taylor and their students sporadically worked the sites along 
Pilot Creek and its tributaries during succeeding years in conjunction with investigations 
of sites at other localities in the region (at Bunyan Siding and South Bunyan) and in the 
southern Monaro area. In 1988 a concentration of bone material at the 'Poplars Site' on 
the west bank of Pilot Creek was excavated (Davis, 1989). By 1989 a small but 
significant collection of fossil material had accumulated from the various deposits in the 
Pilot Creek valley. 
Fossil material at Bunyan Siding was discovered in 1983 by Prof. G. Taylor during field 
mapping of the Miocene Lake Bunyan deposits. Sporadic collecting at the locality 
continued until 1990 when excavations were commenced as part of this study. The 
Bulong, Tannery Creek, Rock Flat Creek and Ryries Creek fossil localities were 
discovered during the course of this study by myself and others. 
1.5. MAMMALIAN FAUNAL SETTING 
1.5.1. Modern Mammal Faunas 
A study which encompasses both Pleistocene and Holocene faunas and the fauna! 
changes leading through the Pleistocene into the present requires as a base line an account 
of the recent fauna, which represents the culmination of the process of fauna! evolution, 
including species extinction and impoverishment arising from local extinction. The 
vegetation, and edaphic and climatic conditions in which the modem fauna occurs are also 
relevant for the same reasons and are outlined in Chapter 2. 
From the time of European settlement (c. 1850's) through to present times accounts have 
been given of the mammals found in the northern Monaro region. The early records (see 
Hancock, 1972; Lingard, 1894 in Dovey, 1984; Flood, 1980) are by no means complete 
but they do provide some indication of mammalian species present in the region before 
the impacts of Europeans and the introduction of such animals as foxes, rabbits and sheep 
began to take effect. The modern mammalian faunas (listed in Table 1.2) shows that over 
33 species of native mammals were present in the region some 140 years ago. In contrast 
the present fauna (c. 1990's) comprises only 22 species of native mammals and an 
additional 10 species of introduced mammals. 
These modern faunas provide an important base line against which the fossil faunas can 
be compared, and represent the most recent period of faunal change (including extinction, 
replacement and impoverishment) in the region. 
1.5.2. Regional Fossil Faunas 
Some 28 fossil localities are known from the Southern Tablelands area, which 
encompasses the northern Monaro region (Figure 1.1). Seven of these from near Cooma 
8 
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form the basis of this study (indicated in red in Figure 1.1). The other 21 localities 
include twelve cave deposits and nine alluvial deposits (listed in Table 1.3). The ages of 
the faunas from these 21 localities are discussed with the aim of providing a faunal 
history for the region against which the faunas from the seven study localities can be 
compared. 
The 21 alluvial and cave localities are listed in Table 1.3 along with site details. 
Information on faunal assemblages and site details are from published works as cited, an 
unpublished manuscript by Jeanette Hope (cited as Hope, MS. nd), a report by Willis 
(1993), and from personal communication with Prof. W.D.L. Ride and my own 
knowledge and field work at most of the localities. The species represented in the 21 
fossil localities are listed in Table 1.2. Only those specimens that have been identified to 
species level are included. 
1.5.3. Age of Fossil Localities 
As yet there are no mammalian fossil sites in the region recognised with certainty as 
Tertiary. Of the 21 vertebrate fossil localities in the region (Figure 1.1, Table 1.3) only 
five (Teapot Creek, Governors Hill, Tidbinbilla, Yankee Hat and Wombeyan Caves) 
have any dates (all radiocarbon) associated with them. 
Dated Sites 
Teapot Creek in the southern Monaro (Figure 1.1), comprises two local faunas from two 
units, Terrace 3 and Terrace 2 (Dansie, 1992). Two radiocarbon dates, 5320 +/- 80 years 
BP (Beta-50157) and 4950 +/- 140 years BP (Beta-50156) were obtained from Terrace 2 
(Dansie, 1992) which contains an essentially modem fauna (only M. giganteus). No 
dates are available for the Terrace 3 local fauna which contains several species of 
megafauna. 
Governors Hill, on the shores of Lake George (Figure 1.1), is another fossil locality with 
an age estimate using radiocarbon dates (Sanson et al., 1980). The local fauna from 
Governors Hill comprises a single specimen of Procoptodon cf. goliah from a sandy clay 
unit that has been correlated with coalescing alluvial fan units that have radiocarbon ages 
from 21,470 +/- 570 to 26,870 +/- 900 years BP (Coventry, 1976; Coventry and Walker, 
1977). Two other radiocarbon dates, 9,190 +/- 105 and 19,640 +/- 210 years BP 
obtained by Sanson et al. (1980) are from later sedimentary events and give a minimum 
age estimate for the local fauna. Unfortunately no dates were obtained directly from the 
unit which contained the specimen. 
Tidbinbilla and Yankee Hat, both rockshelters in the Australian Capital Territory (Figure 
1.1), have basal radiocarbon dates of 370 +/- 60 and 770 +/- 140 years BP respectively 
(Hope, MS. nd). 
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Species Modern Faunas* Fossil Localltles where 
1850'8 1990'8 species present 
ifrom Table 1.3} 
Acrobates pygmaeus x 
Aepyprymnus rufescens 19 
Antechinus flavipes x 14 16 
Antechinus swainsonii x x 14 
Antichinus stuartii x x 1 14 
bats x x ?1 
Bettongia gaimardi x 1 
Burramys parvus 16 
Cercartetus lepidus 16 
Cercartetus nanus x x 14 15 16 
# Conilurus albipes x 14 15 17 20 
Dasyurus maculatus x x 15 16 19 
Dasyurus viverrinus x 18 
# Diprotodon optatum ?8 10 
Gymnobelideus leadbeateri 14 16 
Hydromys chrysogaster x x 
lsoodon macrourus 16 
lsoodon obesulus x 1 14 
# Macropus ferragus x x 5 
Macropus giganteus x x 4 5 10 11 13 
Macropus robustus x x 10 
Macropus rufogriseus x x 1 4 16 
# Macropus titan 5 7 16 20 
Mastacomys fuscus x 1 2 14 15 16 18 
# Nototherium mitchelli 10 
Ornithorhynchus anatinus x x 
# Palorchestes azael 16 ?20 -
# Palorchestes parvus 20 
Perameles nasuta x x 1 14 16 19 
Petauroides volans x x 14 16 
Petaurus australis x 
Petaurus breviceps x x 1 14 16 
Petrogale penicillata x 1 14 
Phascogale tapoatafa x 16 
Phascolarctos cimereus x x 1 
# Phascolonus gigas 5 10 
# Phascolomys mitchelli 10 
Potorous tridactylus 1 2 14 16 
# Procoptodon goliah 9 
# Protemnodon anak 5 16 
# Protemnodon brehus 5 10 
Pseudicheirus peregrinus x x 1 2 14 16 19 
Pseudomys fumeus x 14 15 16 
Pseudomys gracilicaudatus 20 
Pseudomys novaehollandiae 14 15 20 
Pseudomys oralis 14 15 
Rattus fuscipes x x 1 2 14 16 18 20 
Rattus lutreolus ?x ?x 14 15 20 
# Sarcophilus harrisii 2 
# Sarcophilus laniarius 16 21 19 
Sminthopsis leucopus 14 
Sminthopsis murina 14 16 
# Sthenurus maddocki 19 
# Sthenurus orientalis 16 
Tachyglossus aculeatus x x 16 
# Thylacinus cynocephalus 1 4 16 17 20 19 
# Thylacoleo carnifex 1 7 10 16 20 21 
Trichosurus caninus x x 1 
10 
Table 1.2 continued ... 
Species 
Trichosurus vulpecula 
Vombatus ursinus 
Wallabia bicolor 
# Zygomaturus trilobus 
{Introduced Species) 
Modern Faunas* 
1850'• 1990'8 
x 
x 
x 
x 
x 
x 
Canis familiaris x x 
Rattus rattus x 
Mus musculus x 
Oryctolagus cuniculus x 
Lepus capensis x 
Fe/is catus x 
Vulpes vulpes x 
Capra hircus x 
Susscofa x 
Equus equus x 
1 
1 
1 
16 
1 
14 
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Fossil Localltles where 
species present 
(from Table 1.3) 
12 18 19 
16 20 19 
4 10 13 16 20 
14 
* Source of data from Lingard {1846 in Dovey, 1984), Costin {1954), Marlow (1958), Hancock 
(1972), Flood (1980), Dovey (1984), CSIRO Division of Wildlife (Calaby, J. and Wombey, J. pers. 
comm. 1990-94), and personal field observations. 
# extinct on mainland Australia 
Table 1.2. Species occurrence at fossil localities throughout the Southern Tablelands. 
Localities are referred to using numbers listed in Table 1.3 (below). Species present in the 
region at about the time of European settlement (circ. 1850's), and species present in the 
region now {1990's) are indicated by an 'x'. 
No. and Name 
1. Yarrangobilly Caves 
2. Cooleman Caves 
3. Rosebrook Caves 
4. Kybeyan Caves 
5. Teapot Creek 
6. Maclaughlin River 
7. Jincumbilly 
8. Brooklyn 
9. Governors Hill 
10. Cunningham Creek 
11. Sassafras 
12. Tidbinbilla 
13. Yankee Hat 
14. Marble Arch 
15. London Bridge 
16. Wombeyan Caves 
17. Bungonia Caves 
18. Wyanbene Caves 
19. Mt Fairy 
20. Wee Jasper Caves Area 
Dated* Local Number 
Faunas** Species*** 
Key References 
yes 
yes 
yes 
yes 
yes 
5 24 Hope {MS. nd) 
3 8 Hope (MS. nd), Willis {1993) 
1 3 Leigh (1892); Hope (MS. nd) 
5 6 Etheridge ( 1892) 
2 ?6 Dansie (1992) 
+3 +5 
1 ?4 
1 1 
1 1 
1 7 
1 2 
1 5 
1 2 
2 +25 
1 9 
3 +34 
2 
1 
1 
4 
3 
3 
9 
9 
Sanson et al. (1980) 
Dun (1900); Hope (MS. nd) 
Hope (MS. nd) 
Hope (MS. nd) 
Hope (MS. nd) 
Hall {1975); Willis {1993) 
Hope (MS. nd); Willis {1993) 
Hope {1982a); Ride {1960); 
Schram & Turnbull (1970) 
Hope (MS. nd); Ride (pers comm.) 
Hope {MS. nd) 
Flannery & Hope {1983); Ridgley 
(1985); Archer et a/.(1984) 
Hope {MS. nd); Flannery & Archer 
{1985); Willis (1993) 
21. Limekilns 1 4 Hope (MS. nd) 
* Dated = any dates available from the locality using any method other than faunal biocorrelation. 
**Number of local faunas at locatity. 
***Number of species= at the locality, may be from one or several sites. 
Table 1.3. Mammal fossil localities in the Southern Tablelands region. 
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The faunas are essentially modern with Trichosurus vulpecula, Perameles sp., 
Antechinus sp., Pseudocheirus sp. and Potorous sp. at Tidbinbilla, and Wallabia cf 
bicolor and M. giganteus at Yankee Hat 
At Wombeyan Caves near Goulburn (Figure 1.1.) three local faunas are described: in the 
Broom Cave Site (Ride, 1960; Hope, MS. nd); in the Wombeyan Quarry (Hope, 1982a); 
and in a deposit in Coronation Cave (Ride pers. comm.). Of the three Wombeyan Cave 
deposits only the Coronation Cave deposit has a date, which is 8,196 +/- 85 years BP 
(NZA-1085) using radiocarbon dating (AMS) on charcoal. The local fauna from 
Coronation Cave is a small mammal fauna containing, among many taxa, Burramys 
parvus and Mastacomys fuscus. 
Chronology of Regional Faunas 
Together with the undated sites, all the local faunas are tentatively grouped into three age 
categories (Pleistocene, Holocene and Uncertain) in an attempt to see if there is any 
indication of faunal change. The placing of a local fauna within a faunal group ( = fauna) 
takes into consideration the stratigraphy, available dates, biocorrelations and proposed 
ages published by authors. 
The 'Pleistocene fauna' contains species which are generally considered to be restricted to 
the Pleistocene and are now extinct, for example Diprotodon optatum, Procoptodon 
goliah, Thylacoleo carnifex (see Flannery, 1990), as well as the larger forms of paired 
species such as Macropus titan and Sarcophilus laniarius. Sites with radiocarbon dates 
older than 10 ka are also included. 
The 'Holocene fauna' contains only 'modern' species, either extant or recently extinct, 
and/or introduced species, and/or are dated as Holocene. The absence of large extinct 
megaf aunal species is suggestive of a Holocene deposit, but not conclusive because of the 
possibility of animal size selection at the time of bone accumulation. For example cave 
faunas where owls have been the sole mode of bone accumulation will only contain small 
mammals and yet the deposit may be considerably older than the Holocene. However, if 
there are large modern mammals present such as M. giganteus, then the deposit is 
probably Holocene. 
The third category, 'Unknown age', have ambiguous ages containing species which 
occur in both the Pleistocene and Holocene, or what appear to be mixed faunas, or have 
inadequate information on stratigraphy or provenance of specimens. 
Group 1 - Pleistocene Fauna 
The local faunas from the southern Monaro, at Jincumbilly (including Thylacoleo 
carnifex, Sthenurus pales, Macropus sp.) and Brooklyn (cf. Diprotodon sp.), are 
tentatively placed in this group based on biocorrelations with those in other dated sites 
outside the region. Chalk Pool on the Maclaughlin River (Figure 1.1) is currently being 
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studied and may contain a Plio-Pleistocene fauna (Ride, pers comm. 1996). Teapot Creek 
Terrace 3 local fauna (Protemnodon anak, Protemnodon brehus, Macropus titan, 
Macropus ferragus, Procoptodon pusio, Phascolonus gigas, Sthenurus spp.) is undated 
but is considered Pleistocene by Dansie (1992) because of biocorrelations and also 
lithostratigraphic correlations with the sedimentary units in the northern Monaro. 
The Wombeyan Quarry local fauna is probably Pleistocene. It includes Sarcophilus 
laniarius, Thylacoleo carnifex, Macropus cf. titan, Protemnodon cf. anak, Sthenurus 
spp., Zygomaturus trilobus and Palorchestes azael, together with many small mammals, 
including an abundance of Mastacomysfuscus (Hope, MS. nd; Hope, 1982a). 
The Mt Fairy deposit is in a disused quarry and is considered to be Pleistocene (Flannery 
and Hope, 1983; Archer et al., 1984). The local fauna includes modem tax.a as well as the 
extinct fonns Sthenurus maddocki and Sarcophilus cf. laniarius. The Cunningham Creek 
local fauna is tentatively considered Pleistocene in age because of the presence of 
specimens of Diprotodon, as well as Thylacoleo carnifex, Protemnodon brehus, 
Phascolonus gigas, Phascolomys mitchelli, and Nototherium mitchelli. The Limekilns 
local fauna comprises Thylacoleo carnifex, Sthenurus, Macropus sp. and Sarcophilus and 
is a cave deposit (Hope MS. nd) probably of Pleistocene age. 
The Governors Hill specimen of Procoptodon goliah is considered Late Pleistocene, and 
is possibly between 21 and 28 ka based on radiocarbon dates and biocorrelation with P. 
goliah elsewhere (Sanson et al., 1980). 
The local faunas from Kybeyan Caves are from five different caves, one containing 
macropodid metatarsals (AMF 850) similar to those of Sthenurus and Procoptodon (my 
observation) implying a possible Pleistocene age for that deposit. A rock scree inferred to 
be a periglacial deposit (see Chapter 2) overlies the bone bed and further supports a 
Pleistocene age for that bone deposits. T. cynocephalus is also recorded from Kybeyan 
Caves (AMF846 and 847). 
Group 2 - Holocene Fauna 
The Teapot Creek Terrace 2 local fauna contains M. giganteus and has radiocarbon dates 
of 5320 +/- 80 years BP and 4950 +/- 140 years BP and is considered by Dansie (1992) 
to be Holocene. 
The Yankee Hat, Tidbinbilla, Sassafras, Rosebrook Caves, Wyanbene Caves and 
London Bridge local faunas are all considered Holocene because they contain only 
'modem' species, are small loose swface finds, and/or have relatively recent radiocarbon 
dates. 
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At Marble Arch there are two cave deposits, one studied by Hall (1985) including only 
recent mammalian taxa (including Oryctolagus cuniculus) and another in Nargan Cave 
which is awaiting further work. 
The Cooleman Caves local fauna has, along with modem taxa, Sarcophilus harrisii 
recorded in it (Willis, 1993), which is generally exclusive to the post-glacial fauna, 
replacing the larger S. laniarius found in older Pleistocene sites (see Dawson, 1982b}, 
suggesting a probable Holocene age for that deposit. Hope (MS. nd) lists two taxa from 
Bungonia Caves, M. giganteus and T. cynocephalus, which suggests a Holocene age for 
that deposit. 
Group 3 - Uncertain Age 
Local faunas from Yarrangobilly Caves are difficult to assign age estimates to because 
there is little known about the stratigraphy or provenance of fossils. Furthermore, the 
cave faunas contain taxa which occur in both the Holocene and Pleistocene. Thylacinus 
cynocephalus as well as essentially modern taxa are recorded from the caves. The two 
Wombeyan Caves local faunas from the Broom Breccia and Coronation Cave are small 
mammal faunas of unknown age. 
The local faunas from the Wee Jasper Caves and Goodradigbee area are many and include 
diprotodontid bones from Punchbowl Cave, a specimen of Thylacoleo carnifex from 
Goodradigbee Cave, and specimens of Palorchestes sp. from Anemone Cave. The ages 
of these local faunas are unknown. 
1.5.4. Conclusions 
Although there are some 21 mammalian fossil localities recorded from the region 
(excluding the seven study localities), insufficient detail is known in regard to their 
stratigraphy and ages to adequately document faunal changes in the region through the 
Quaternary. Five localities have radiocarbon dates but only three of these (Teapot Creek 
Terrace 3, Yankee Hat and Tidbinbilla) are reliable and they are all at the very end of the 
Holocene. The Pleistocene dates from Governors Hill have questionable association with 
that fauna, and the Holocene date from Coronation Cave is thought to be unreliable. The 
other localities have no dates. 
The tentative regional chronology (see above) using the local faunas from the 21 fossil 
localities does indicate that there was a suite of large mammals (megafauna) in the region 
in the Pleistocene, and that by the Holocene the megafauna have gone. But, there is far 
too little detail known about the geology of these 21 localities to document with any 
certainty when this loss and other faunal changes took place in this part of southeastern 
Australia. The work undertaken in this study aims to document detailed stratigraphic and 
faunal descriptions, providing the framework necessary for discussing the mammalian 
faunal history of the region. 
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CHAPTER 2: QUATERNARY ENVIRONMENTAL SETTING 
This chapter outlines the mooern and palaeoenvironmental conditions in the study area, as 
a background for describing and discussing the faunas of the northern Monaro region. 
Figure 2.1.: The Monaro Tablelands looking toward 'The Brothers'. 
2.1. PHYSIOGRAPHY 
The study area is in the northern part of the tablelands region known as the Monaro 
Tablelands (as defined in Chapter 1; see Figure 1.1). The Monaro Tablelands are the 
southern-most part of the larger physiographic area known as the Southern Tablelands, 
which encompasses the Monaro and extends northward to near Goulburn. Further north 
are the Central Tablelands and Northern Tablelands separated by large areas of lowlands, 
and together with the Southern Tablelands and Snowy Mountains form the New South 
Wales part of the Great Dividing Range or Eastern Highlands (Bishop, 1982). 
The Monaro Tablelands extend from near Michelago in the north to the escarpment edge 
near the New South Wales-Victoria border in the south, and are up to 80 km wide from 
east to west. They comprise both the northern and southern Monaro (Figure 1.1 ). They 
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are between 600 m and 1400 m elevation, averaging about 850 m. To the southeast the 
tablelands drop away to the coastal plains over an erosional escarpment up to 400 m in 
height. The eastern, northeastern, and northwestern limits of the Monaro Tablelands are 
defined by low mountain ranges comprising the Kybeyan Range, Tinderry Range and 
ranges of the ACT respectively (Figure 1.1). To the west of the tablelands, the Snowy 
Mountains rise to over 2000 m to form a significant physiological boundary which 
influences the climate and vegetation of the tablelands. Definitions of the Monaro based 
on historical and/or geomorphological criteria are numerous and vary depending on the 
authors usage, for example see Craft (1933), Costin (1954), Hancock (1972), White et 
al. (1977) and Lewis et al. (1994). 
The Monaro Tablelands are bisected into northern and southern sections by the Monaro 
Range, which extends from around Nimmitabel to Kiandra (Figure 1.1). This range, 
which forms part of the main continental divide, is an inconspicuous feature with 
elevations from 1000 m to 1232 m. North of the divide the Murrumbidgee River flows to 
the western side of the Great Dividing Range. It originates in the Snowy Mountains near 
the Cooleman Range and flows eastward toward Cooma then turns abruptly northward 
through the Murrumbidgee valley to near Canberra, where it loops west (Figure 1.1 ), and 
eventually drains into the Southern Ocean near Adelaide. In contrast, the drainage of the 
southern Monaro Tablelands is into the Snowy River which flows to the southeast of the 
Great Dividing Range. The Snowy River begins near Mt. Kosciusko, loops across the 
southern Monaro being joined by the smaller Maclaughlin, Bombala and Delegate Rivers, 
and flows ultimately into the Tasman Sea. 
In addition to the drainage systems, general differences exist in physiographic features 
between the northern and southern regions of the Monaro. The northern Monaro is 
largely enclosed by wooded ranges and is dominated by the Murrumbidgee valley which 
is approximately 10 km wide and extends from Cooma to Canberra. Further south from 
Cooma the landscape changes into an extensive, largely treeless tableland, which 
encompass most of the southern Monaro region (Figure 1.1). Occasional rounded and 
flat topped hills, for example 'The Brothers' (shown in Figure 2.1), 'Moodies Hill' and 
'Teapot Hill' protrude from the plateau-like landscape. The topography was described as 
"open, undulating downy country" by Currie in 1823 (in Hancock, 1972, p. 3). 
The Monaro Tablelands are dotted with numerous small lakes, many ephemeral and 
independent of the main drainage patterns. The lakes are abundant in the southern region 
but also occur in the northern Monaro region north of Pilot Creek, (e.g. Muddah Lake), 
and near Berridale (e.g. Lake Cootralantra and Lake Coolamatong). They are nearly all 
associated with underlying basalt (see Craft, 1933; Pillans, 1987; Pillans and Walker, 
1995) but some occur on the older peneplain (see White et al., 1977). They are 
significant as Aboriginal occupation sites and as palaeoclimatic indicators. 
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2.2. REGIONAL GEOLOGY 
The regional geology is important for understanding the present landscape, and also the 
provenance of materials making up the Quaternary sediments at the different fossil 
localities. 
The northern Monaro region lies within the Lachlan Fold Belt (see Glen, 1994). The 
basement geology of the region is entirely Phanerozoic, comprising primarily Palaeozoic 
and Cainozoic geological units (Figure 2.2). Lewis et al. (1994) provide a comprehensive 
review of the geological history of the region. 
The oldest rocks in the immediate study area (Figure 2.2) are Ordovician sedimentary 
rocks of the Adaminaby and Bendoc Groups (see Lewis et al., 1994), which are exposed 
in the northwest near Adaminaby and along the eastern ranges near Numeralla 
respectively. During at least two periods of deformation in the Early Silurian and again in 
the mid-Silurian these rocks were altered, faulted and folded (Lewis et al., 1994). These 
sediments crop out in the Pilot Creek valley (described in Chapter 4). 
Late Silurian sedimentation depositing shallow marine siltstones, mudstones, sandstones 
and limestones, together with periods of volcanism produced rocks of the Bredbo Group, 
now exposed east of the Murrumbidgee Fault Line in the Murrumbidgee valley (Figure 
2.2). The limestone exposures are part of the marine Cappanana Formation (see Lewis et 
al., 1994) and contain marine invertebrate fossils. In places, the limestone is penetrated 
by small caves including Rosebrook Caves, Michelago Caves and Kybeyan Caves, many 
of which contain Late Cainozoic vertebrate fossils (see Chapter 1). 
During the Late Silurian and Early Devonian, extensive granite batholiths intruded the 
region, causing uplift, faulting and local metamorphism of the Ordovician and Silurian 
rocks. Four main batholiths are exposed at the present erosion level (Figure 2.2), the 
Murrumbidgee Batholith in the northern and central part of the area, the Berridale 
Batholith to the west, the Bega Batholith to the east, and Cooma Granodiorite near 
Cooma (see Lewis et al., 1994). High grade regional metamorphic complexes (schists, 
migmatites and banded gneiss) were formed, the best documented example centred on the 
Cooma Granodiorite is the Cooma Metamorphic Complex (see Hopwood, 1976; Lewis et 
al., 1994). The Cooma Metamorphic Complex crops out mainly north of Cooma, 
progressing into lower grade metamorphic rocks further west. Another metamorphic 
complex, the Jerangle Metamorphic Complex, crops out to the east of the study area. 
Parts of the Murrumbidgee and Berridale Batholiths were foliated during an Early to 
Middle Devonian period of deformation (Lewis et al., 1994). There are exposures of the 
Murrumbidgee Batholith and associated metamorphics in the Pilot Creek valley (see 
Chapter 4). 
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Figure 2.2. The regional geology of Cooma and the surrounding northern Monaro region 
(taken from Lewis et al., 1994). 
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During the Mesozoic the Eastern Highlands experienced a period of erosion, weathering, 
and tectonic activity and the formation of the main peneplains seen in the present 
landscape (Lewis et al., 1994 ). Uplifting of the peneplains has been continuous from the 
end of the Mesozoic. The details of the tectonic activities associated with the formation of 
the region are complex; interpretation is currently a matter of some controversy (e.g. see 
Ollier and Wyborn, 1989; Lewis et al., 1994; McQueen, 1994; Taylor, 1994). During 
this long period of tectonic activity the drainage patterns were continually altering. Large 
lakes formed and some rivers reversed their flows (e.g. see White et al., 1977; Taylor et 
al., 1985; Ollier and Taylor, 1988; Seddon, 1994). Lacustrine deposits (clay, sand, 
gravel, diatomite) of Palaeocene age are found in the southern Monaro underlying 
extensive basalt flows (see Taylor et al., 1990; Pratt et al., 1993). Fossil plant remains 
are described from some of the lacustrine deposits (Hill, 1994 ). 
The early part of the Cainozoic geological history of the region is dominated by the 
formation of the Monaro Volcanic Province over much of the Monaro Tablelands (see 
McQueen, 1994). The basalts originated from a multi-fissured lava field (see Pratt et al., 
1993) during the Eocene and Oligocene between 52-36 Ma (Wellman and McDougall, 
1974). The basalt sequences are up to 215 min thickness in the south and show a long 
and complex history of eruption and weathering (see Brown et al., 1992; Pratt et al., 
1993; McQueen, 1994). Basalt clasts contribute largely to the Quaternary valley-fill 
sequences at all of the fossil localities. They are also a likely source of calcium carbonate 
(see Eggleton et al., 1987) found in many soil profiles as hardpans and nodules across 
the Monaro Tablelands (see Chapters 4 and 5), contributing to the excellent conditions for 
fossil preservation. 
Miocene lake deposits are exposed northeast of Cooma and form the Bunyan Formation 
(Taylor and Walker, 1986ab). Fossil fish material (Maccullocholla macquariensis) has 
been recovered from the lake sediments (Hills, 1941) but no fossil mammal material has 
yet been located. Palaeolake sediments from the Bunyan Formation are exposed along 
Cooma Creek and Rock Flat Creek north of Cooma and directly underlay Quaternary 
sediments at three of the seven Quaternary vertebrate fossil localities (Bunyan Siding, 
Rock Flat Creek and South Bunyan). 
2.3. PRESENT VEGETATION 
The present vegetation of the northern Monaro region comprises a great diversity of plant 
communities, the more common being open forest (dry sclerophyll forest), low 
woodlands, and tussock grassland. Along the ranges to the east where the rainfall is 
higher and affected by coastal influences, wet sclerophyll forests and heathlands occur. 
To the west the open forest/ grasslands of the Monaro Tableland are replaced by 
montane, subalpine, and alpine tracts (after Costin, 1954) of the Snowy Mountains 
region. Costin (1954), Dovey (1984) and Tulau (1994) provide comprehensive 
descriptions of the regional vegetation. 
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The tussock grasslands (Figure 2.1) are extensive throughout the region, occurring on 
the treeless basalt plateaus from Cooma southward to the Victorian border and on the 
isolated basalt areas north of the Pilot Creek valley and in the Murrumbidgee valley. The 
grasses are mostly tussock poa (Poa caespitosa), spear grasses (Stipa spp.), wallaby 
grasses (Danthonia spp.), kangaroo grass (Themeda triandra), windmill grass (Chloris 
truncata), couch grass (Cynodon dactylon), and hairy panic (Panicwn effusum) (Tulau, 
1994). 
Historic records indicate the grassland areas have been treeless at least since the time of 
European settlement when Curry in 1825 mapped the region (see Hancock, 1972). 
Haygarth, an English squatter in the Monaro, in 1840 writes: 
The most spirit-stirring site which the sportsman can witness is the first view of a 
new pastoral district... Plains and open forest untrodden by the foot of white man 
and as far as the eye can reach, covered with grass so luxuriant that it brushes the 
horseman in his saddle: flocks of kangaroos quietly grazing, as yet untaught to fear 
the enemy that is invading their territory: the emu, playfully crossing and recrossing 
his route; the quail rising at every step; lagoons literally swarming with wildfowl... 
(from Frith, 1979, p. 104) 
Costin (1954) attributes the lack of trees to a natural phenomenon involving a 
combination of low precipitation, properties of heavy textured soils, low temperatures, 
desiccating winds and frosts and poor soil aeration. A cold air drainage effect in valleys 
may also prevent seedling germination. 
The woodlands and low open forests occur on the ridges of the Murrumbidgee Range 
and the eastern ranges. The more common species of eucalypts present are manna gum 
(E. viminalis), peppermint gums (E. radiata; E. dives), scribbly gum (E. rossi), snow 
gum (E. pauciflora subsp. pauciflora), candlebark (E. rubida) and apple box (E. 
bridgesianna) (Costin, 1954; Tulau, 1994). 
Around Pilot Creek valley the low woodland also has black cypress pine (Callitris 
endlicheri), and an understory of dogbush (Cassinia aculeata) and silver wattle (Acacia 
dealbata). The valley bottom is sparsely wooded and covered by tussock grasslands, with 
the effects of sheep grazing and cultivation evident. The other vertebrate fossil localities 
in the Murrumbidgee valley are on naturally treeless flood plains of the Murrumbidgee 
River system. 
2.4. PRESENT CLIMATE 
The present climate of the Monaro region near Cooma is cool temperate to warm semi-
arid. The topography of the region, with the Snowy Mountains ranges to the west and the 
coastal escarpment to the east, is one of the most important factors controlling its climate. 
Figure 2.3 shows the rainfall distribution across a transect through the Monaro. 
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These topographic features in combination with the nature of the southern hemisphere 
anticyclonic belt effect the rainfall in the region. In winter the westerly cold moist air 
mass causes winter snow and rains to fall on the high country of the Snowy Mountains. 
The Monaro, in the lee of the mountains is in a rain shadow. Similarly, in summer, when 
the weather patterns are governed by easterly air flow from the ocean, the coastal regions 
and escarpment receive high rainfall while the tablelands of the Monaro again lie within a 
rain shadow. Cooma only experiences an average annual rainfall of between 450 and 500 
mm/year (Tulau, 1994), where surrounding coastal and mountain areas receive far higher 
rainfalls (Figures 2.3 and 2.4). The Pilot Creek valley, receives on average of 502 
mm/year, the majority falling between October and March (Davis, P.H., pers comm., 
1994). 
As a consequence of the low rainfall, combined with the high altitude and inland location, 
the average temperatures are relatively low. At Cooma the mean temperature for the year 
is 1 l.60C, with the mean daily temperature in January being 18.6°C, and in June 3oc 
(Bureau of Meteorology, 1988). Frosts occur over a period extending through March to 
November, peaking in May to August (Tulau, 1994; Atlas of Australian Resources, 
1986). Snow generally falls 2-3 times each year around Cooma, rarely staying on the 
ground for more than 3 days at a time. 
2.5. QUATERNARY CLIMATE 
The Quaternary climatic setting of the fauna! research reported here is derived from 
studies of the pollen records made by several authors at a number of sites within the 
) 
Monaro and adjacent areas, as well as from extensive sedimentological and 
geomorphological studies. Together, these provide detailed evidence of the climatic 
history of the Mid- and Late Pleistocene and the Holocene within a more generalised 
palaeoclimatic history of the Quaternary. 
There is no continuous palynological record from within the Monaro. However, at Lake 
George some 140 km north east of the Monaro (Figure 2.5), there is a continuous pollen 
and sediment record spanning the past 350 ka (Singh and Geissler, 1985) with 
intermittent records back to 2.8 Ma (McEwen Mason, 1991) providing one of the best 
and longest Quaternary palaeoclimatic records for the area. The Lake George record is 
supported by records from sites within the Southern Tablelands and Snowy Mountains 
and provides a history of floristic change from which palaeoclimatic events within the 
Monaro are inf erred. The Lake George core also provides a record of an increase in fires 
in the latter part of the sequence which has been attributed to human activity. 
The overview comprises climatic information from a number of geological and biological 
sources (Figure 2.5) which are summarised in Table 2.1. 
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TIME GENERALIZED CLIMATE SIGNIFICANT PALAEOCUMATIC INDICATORS 
(for Northern Monaro Region) Monaro Tablelands Snowy Mountains and Southern Tablelands Elsewhere 
0 - present warm, semi-arid, annual rainfall-450-500mm, 
snow 3 day/yr, frosts 9 month/yr, 
2-3 ka cooling & drying mean summer temp. 1 a0 c. Club Lake (pollen) - temp. at 10 ka 1.5C lower, from 
mean winter temp. 3°C. 6-3 ka fluctuations, 4-0 ka continuing dryness dune building ceases- Ska 
8 - 5 ka - mid-Holocene warming Bega, Rotten, Ginini, & Nursery Swamp Riverina (channels) - low 
warmer,IN~~er (pollen) - peat forming throughout Holocene sinuosity, suspended load 
10 ka--- Holocene I Late Pleistocene boundary 
12 - 9 ka treelines rize 
15 -14 ka deglaciation, temp. 4°C lower 
18 ka ·glacial maximum, temp. 6-10oc 
lower 
?30 - 15 ka cold, dry arid phase 
?60 - 30125 ka cool, wet lacustrine phase, 
temp. 3°C lower 
120 ka-- Late I Middle Pleistocene boundary 
major cooling with glacial/interglacial 
fluctuations 
780 ka--- Middle I Early Pleistocene boundary 
major cooling with glacial/interglacial 
fluctuations 
2.4 Ma ---Early Pleistocene/Tertiary boundary 
Teapot Hill, Kybeyan Caves 
(periglacial features) 
Monaro lakes (lunenes) 
Lake George (old shoreline) - lake high at 11 ka 
Snowy Mts (pollen) - organic sediment & pollen forming 
after alpine desert, Club Lake (pollen) - temp. increases 
from 15 ka onward into Holocene 
Snowy Mts (glacial cirques, moraines, scree) 
Lake George (pollen) - drop in treeline 
Black Mt & Wombeyan Caves (sediments) -
periglacial conditions 
Lake George (sediment) - lake fullest by 25 ka 
Toolong Range at 1800m (wood) - Nothofagus 
at 35 ka 
Lake George (pollen) - at least 4 cycles of 
forest/woodland interglacials and 
herbaceous/open vegetation glacials 
Lake George (pollen) - change to open canopy 
vegetation. Circa 400 ka changes from barren to 
vegetation, ie. from seasonal warm to cool wet. 
Riverina(channels)- mixed 
load, meandering 
Dune and lunene building 
Willandra Lakes - low 
Riverina (channels) - bed-
load, meandering 
Willandra Lakes - full 
Lake Bunyan (pollen) and Lake George (pollen) - Nothofagus forests 
cool wet, temperate rainforests southern Monaro lakes 
cool dry phas_es (macroflora) - rainforest taxa 
Table 2_1. Generalised climatic history for the northern Monaro region, and the main sources of data discussed in text (see text for references). 
() 
~ 
I· 
148' 
35" 
36' 
........ , ,,~ 
...._ 
37" 
38' 
149' 150' 
Wombeyan Caves 
I 
GOULBURN 
• 
Wet Lagoon ,f Breadalbane 
........... ~ j ;,,_ , . 
, '~~Jacksons Bog 
"y .... 
. ' ' '-, 
Delegate River';' , ...._ 
11'- "' ; ........ 
.r .. .... 
o Bungonia· 
0 Nerriga 
• BEGA 
c:J extent of periglacial conditions (18 ka) 
• Holocene palaeoclimate data 
Pleistocene palaeoclimatic data 
D Pre-Quaternary palaeoclimatic data 
Elevation (m) 
1500~ 000 
500 
0 
A AV 199 
Figure 2.5. Locality map showing the sites mentioned in the text in the Southern Tablelands region 
where palaeoclimatic data has been cited. Land above 1000 m is highlighted showing extent of 
periglacial conditions at 18 ka. 
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The geological information includes glacial and periglacial deposits, aeolian deposits, 
pedological features, fluvial sedimentary deposits, and lacustrine sediments and 
shorelines. The biological evidence includes pollen records, plant macrofossils, and 
faunal records, both invertebrate and vertebrate. 
Geomorphological features such as alluvial fans, valley-fill deposits, features attributed to 
glacial and periglacial events, and pedological features also provide palaeoclimatic 
evidence which, taken in conjunction with the floristic record, provides the palaeoclimatic 
record used in this study as a framework within which the faunas are discussed. 
It is recognised that the use of these types of data in this way involves many assumptions 
which are debatable. Bradley (1985), Williams et al. (1993) and Chappell (1991) discuss 
the uses, assumptions and problems of many sources of palaeoclimatic data. Ladd 
(1988), Dodson (1989) and Hope (1993) also consider anthropogenic effects on climatic 
interpretations drawn from some sources, in particular those associated with pollen 
records during the Holocene period and to a lesser extent the Pleistocene, which is an 
added complication to interpretations. 
In presenting this framework, it is also recognised that the dating of the various features 
and even the pollen records, contains uncertainties especially due to the limitations and 
application of radiocarbon dating methods to the last 30 ka (Chappell, 1991). 
2.5.1. Early Pleistocene Climate (2.4 Ma to 780 ka) 
The Early Pleistocene climate of southeastern Australia was a period of major cooling and 
associated climatic fluctuations from about 2.4 Ma onward, as inferred primarily from 
deep-sea a18o ocean palaeotemperature curves (see Kershaw et al., 1991). The only 
climatic evidence for this time period from the Southern Tablelands are from the Lake 
George pollen records which indicate a change to an open canopy assemblage of high 
levels of Asteraceae and Poaceae pollen replacing the Nothofagus forests of the Tertiary 
(McEwen Mason, 1991). Although no mammalian faunas are recognised from this 
period, it remains possible that some of the undated localities in the southern Monaro 
contain Early Pleistocene or even Pliocene forms. 
2.5.2. Middle Pleistocene Climate (780 ka to 120 ka) 
Major cooling and climatic fluctuations continued through the Middle Pleistocene with the 
peak of the Last Interglacial at about 120 ka. Fluctuations appear to have a periodicity of 
about 100,000 years with relatively slow onset to glacials followed by rapid deglaciation 
phases (Wasson and Clark, 1987). The Lake George pollen sequence of Singh et al. 
(1981a, b) and Singh and Geissler (1985) commences at about 350 ka through to the 
present and is divided into 11 zones. It is tentatively correlated with Stages 1 - 10 of the 
a18o ocean palaeotemperature curve of Shackleton and Opdyke (1973), and represents at 
25 
Chapter 2: Quaternary Setting 
least four major glacial/interglacial cycles. The vegetation throughout this period 
oscillated from treeless herbaceous and shrub cover in dry cool glacial periods to forests 
of Casuarina, Podocarpus, and later dominated by Eucalyptus and Myrtaceous shrubs 
(Singh et al., 1981ab) indicating wann wet conditions during interglacials. The Bunyan 
Siding local faunas described in Chapter 7 is of this period. 
A similar record of glacial events in Tasmania supports this interpretation of events in the 
study area. Glacial moraines indicate at least three major glaciations, during the Early, 
Middle and Late Pleistocene (Colhoun, 1985; Augustinus et al., 1995). In the Snowy 
Mountains, on the other hand, there is evidence for only the Last Glacial (see below). 
However, it must be recognised that evidence of earlier events may have been obscured 
by this later event. 
2.5.3. Late Pleistocene Climate (120 ka - 10 ka) 
This period begins with the major wann phase which reached its optimum around 120 
ka. The only direct evidence of the Last Interglacial is from Lake George which records 
an increase in fire-adapted Eucalyptus tax.a and charcoal particles inferred to correspond 
to wann conditions (Singh et al., 1981ab; Singh and Geissler, 1985; but see Wright, 
1986). 
Provided the time limits of radiocarbon dating beyond 35 ka arc recognised, the later part 
of the Pleistocene (from 60 - 10 ka) is one of the better dated time periods in the 
Quaternary. The climate in this period includes a cool wet 'lacustrine phase', followed by 
a cold dry 'arid phase' which coincided with the peak of the Last Glacial (Chappell, 
1991). Parts of the Pilot Creek faunal sequence correspond to the periods pre- and post-
Last Glacial Maximum (LGM). 
Lacustrine Phase 
High water levels occurred at Lake George around 25 - 28 ka as indicated by old 
shorelines (Coventry, 1976). Elsewhere in southeastern Australia at this time high water 
levels ai-e recorded in the Willandra Lakes (Bowler et al., 1976) and other lakes 
throughout southeastern Australia (Bowler, 1983a). At the same time, ancient river 
systems in the Murray-Darling Basin, such as the Goulbum River system on the Riverine 
Plain, were carrying large sediment loads in large channels with long meander wave-
length (Bowler, 1978), indicating high run-off and increased bed-load. In the Lake 
Mungo region large calcrete horizons formed within soil profiles, indicative of regionally 
high watertables in agreement with the wetter conditions (Bowler, 1983a). Temperatures 
during this lacustrine phase were generally 3oc cooler than present as inferred from lake 
evaporation/precipitation ratios (see Chappell, 1991 ). Costin ( 1972) suggests 
temperatures at the end of this phase may have been not much cooler than present inf erred 
from the presence of dated wood samples of Eucalyptus at high altitudes. Kershaw et al. 
(1983) also suggest that temperatures were not much lower than today, but that absolute 
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precipitation was higher. A wood fragment of Nothofagus cf cunninghamii recovered 
from sediments dated at 35 ka, at an elevation of 1680 m (Caine and Jennings, 1968) in 
the Snowy Mountains, indicates that conditions prior to 3 5 ka were probably cooler and 
moister than present. 
Cold Arid Phase 
The onset of the cold arid phase is generally thought to have been at about 25-29 ka 
across southeastern Australia, with some overlap with the lacustrine phase- (Chappell, 
1991 ), although indications of onset are not quite synchronous throughout the region. 
There were lower lake levels at Lake George (Coventry, 1976). In central and southern 
Australia there were similar lower lake levels at Willandra Lakes (Bowler, 1983a). 
Evidence for the arid phase is indicated by many sources: increased salinity in lakes 
(Bowler and Wasson, 1984), pollen changes (see Singh, 1983ab), and increases in dune 
building and lunette formation (Wasson, 1983, 1989). 
In the high country of the Snowy Mountains the onset of cold dry conditions probably 
dates back as far as 35 ka and by 30 ka. Climatic conditions would have been relatively 
more severe than those elsewhere in Australia at that time (Chappell, 1991). Geological 
features in the form ofblockstreams and scree slope deposits, dated from about 31 to 34 -
ka, are interpreted by Costin (1972) and Costin ind Polach (1971, 1973) to have formed 
under periglacial conditions. Temperatures required to produce such features would have 
been equivalent to at least 6°C cooler than today (Caine and Jennings, 1968; Costin,. 
1972). Further indications of low temperatures and periglacial conditions early on in the 
region are a gravel infill at Wombeyan Caves radiocarbon dated from 30 - 25 ka 
(Gillieson et al., 1985) and slope deposits on Black Mountain radiocarbon dated at about 
27 ka (Costin and Polach, 1973). Recent work, however, suggests the age of the Black 
Mountain deposits may be considerably older and related to earlier events (see Pillans, 
1994; Barrows, 1995). 
' . It is considered that the decrease in temperatures from about 3 5 ka to the LGM at 18 ka 
occurred gradually, followed by rapid amelioration between 18 ka and 13 ka. Similar 
patterns are thought to have occurred in earlier glaciations (Wasson and Clark, 1987). 
Last Glacial Maximum (LGM) 
In the alpine area of the Snowy Mountains 13 glacial cirques and terminal moraines over 
an area of 50 km2 between 1850 and 2050 m are an indication of the severity of the 
maximum cold conditions which would have had major climatic affects on the Monaro. It 
has been inferred that at the peak of glacial conditions snowlines and treelines descended 
about 800 m and temperatures were 60 to 7oc cooler than present and precipitation less 
(Hope, 1989, 1994a; Figure 2.6). Galloway and Jennings (1972) infer temperatures as 
much as 8° to · 1 ooc cooler at the glacial maximum. At Lake George the pollen record 
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indicates that around 18 ka the treeline lowered by some 1200 - 1500 m (Singh, 1983a), 
inferring to represent 8 -100 C lowering of temperatures. 
Throughout the tableland area periglacial features have been described, which give an 
indication of the extent of cold conditions across the region. Unfortunately, many 
features are undated, and thus are only tentatively assumed to be synchronous with the 
extreme of the Last Glacial. In the southern Monaro on Teapot Hill solifluction lobes are 
at elevations between 800 and 1000 m (Dansie, 1992; Pillans and Walker, 1995). At 
Wombeyan Caves rock screes attributed to periglacial conditions (dated at 25-30 ka) are 
at 660 m (Gillieson et al., 1985). Similar cave deposits are found in Kybeyan Caves on 
the eastern side of the Monaro at elevation 980 m (Spate, A., pers. comm., 1994). 
Hope (1994a) postulates that from about 26 ka to 12.5 ka the basalt plateau which 
dominates the southern Monaro and extends into the northern Monaro was a treeless cold 
dry tableland, exposed to westerly winds, vegetated by a very open cold steppe 
grassland. Some _of the species would have been those only found in the alpine zone 
today (Hope, 1994a). Figure 2.6 shows the extent of the alpine herbfields and steppe at 
the peak of the Last Glacial. At around 18 ka, the treeline descended at least 800 m to an 
elevation of about 1000 m (Hope, 1989, 1994a) and possibly lower, with open and non-
continuous woodlands. Thicker woodlands would have occurred at elevations around 
600 - 700 m. If this is the case then it could be inferred that the higher peaks in the 
Murrumbidgee Ranges, such as the peak east of Pilot Creek valley (1030 m), would have 
been treeless and much of the valley sparsely wooded with open grassland. 
Deglaciation 
The retreat of the Last Glacial had commenced by 15 ka, and is best indicated in the 
region by pollen records taken from lakes formed in what were glacial cirques, such as 
Blue Lake, Club Lake and Pound Lake (Raine, 1974; Martin, 1986). Kershaw et al. 
(1983) provide similar dates around 15 ka indicating the onset of accumulation of organic 
sediments in high altitude ~_wamps and bogs. By 13 ka the glacial phase was all but gone 
in the Snowy Mountains. In Tasmania deglaciation had also commenced at least by 14 ka 
and was all but over by 10 ka (Colhoun, 1985; Colhoun et al., 1994). 
From around 15 - 10 ka in the river systems west of the Snowy Mountains the wide 
meandering, bedload-dominated channels seen during the earlier lacustrine and arid 
phases changed to narrower, sinuous, suspended-load channels (Bowler, 1986). Dune 
fields in western NSW stabilised (Bowler, 1983b) and at Lake George the presence of 
cool temperate vegetation infers temperatures were rising but still 2-40C below today 
(Singh, 1983b). There is some evidence to suggest that after deglaciation there was a lag 
period of some 3, 000 years before vegetation began recovering with tree lines rising and 
peatbogs forming. Overall the period from 15 - 10 ka is seen as a transition phase and 
'relaxation of stresses' (Bowler, 1983b, p. 71) after the cold and arid conditions of the 
Last Glacial period. 
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2.5.4. Holocene Climate (10 ka- Present) 
In the summary of the Holocene palaeoclimate by Chappell and Grinrod (1983) the 
period is described as one of climates essentially similar to those of the present. It was 
considerably warmer and wetter than the previous arid phase in the Late Pleistocene. 
There is also some indications of a mid-Holocene warmer and/or wetter period. 
The onset of the warm phase marking the Holocene occurred around 10-12 ka. In 
Tasmania all permanent ice had disappeared by 10 ka (Colhoun, 1985). In the Murray 
Basin present drainage patterns, dominated by suspended load, were established by 10 ka 
(Bowler, 1986). Lake George water levels were high after 11 ka. A surge in vegetation is 
seen after 11 ka at Barrington Tops (Dodson, 1986, 1987). 
Holocene vegetation records from the Southern Tablelands region are many (Figure 2.5) 
and indicate climatic amelioration. Hope (1994a) suggests the Monaro Tablelands during 
this period continued to be dominated by grasslands, indicated by the lack of soil build up 
on gentle slopes. Today there are isolated eucalypts (E. rubida, E. pauciflora) which may 
represent the start of an advancing treeline, now inhibited by fires, cold and drought. In 
the Snowy Mountains the present treeline, dominated by snow gums (E. pauciflora 
subsp. niphophila) extends to about 1830 m, depending on local conditions (Costin et 
al., 1979). 
At Delegate River in the southern Monaro (Figure 2.5), a Sphagnum bog core from a 
swamp with pollen representing the last 12 ka shows a change in dry-land vegetation 
from initial alpine herbfield or grassland, to forest with shrubby understory, similar to 
today, by 8 ka (Ladd, 1979). At the site vegetation changed from swampy heath to 
sedgeland and then to herbfield. After 8 ka there was no change in dry-land vegetation, 
but in the swamp at the site herbfield changed to Leptospermum and Baeckea vegetation 
and later to present Sphagnum. At Pound's Creek and Club Lake in the Snowy 
Mountains, pollen records from post- Last Glacial to 1.8 ka indicate alpine grassland 
replaces a previous alpine desert by 12 ka. At 7 ka grassland is replaced by mixed grass-
sedge, there is less herbfield vegetation and an increase in montane wet sclerophyll 
Pomaderris. By 4.4 ka Pomaderris is replaced by sedges, and snow gums (E. pauciflora 
subsp. niphophila) gradually becomes more abundant (Martin, 1986). Other Holocene 
records in the region which indicate warmer wetter conditions are at Bega Swamp 
(Polach and Singh, 1980), Breadalbane Basin and Wet Lagoon, near Goulburn (Dodson, 
1986), Rotten Swamp in the ACT (Clark, 1986), Blue Lake in the Snowy Mountains 
(Raine, 1974), and Jacksons Bog (Southern, 1982, in Macphail and Hope, 1985). 
Temperatures from these pollen records are reconstructed as follows. Ladd (1979) 
postulates temperatures at 12 ka were at least soc lower than today, and by 8 ka present 
higher temperatures and rainfall were established. Dodson (1986) found pollen records 
near Goulburn, throughout the Holocene, showed climatic amelioration and no 
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significant vegetation changes. Martin (1986) at Club Lake and Pound's Creek used 
pollen records to infer Holocene temperatures: at glacial maximum soc below present, at 
15.7 ka 3.6°C below, at 11.8 ka 2oc below, and at 10.6 ka i.5oc (all 'conservative' 
estimates not accounting for a decrease in precipitation); between 6.7 and 3 ka a period of 
several sharp minor fluctuations in temperature, with continuing dryness from 4 ka to 
present (Martin, 1986). At Rotten Swamp, Clark (1986) recorded peats appearing around 
10 ka with little change in vegetation until the present. Macphail and Hope (1985) 
detected a general increase in mire development about 3.5 ka suggesting a decrease in 
temperatures and thus an increase in effective precipitation. 
A mid-Holocene warmer and/or wetter phase (8 - 5 ka) is indicated by palynological data 
(Bowler et al., 1976), higher lake levels (Bowler, 1983c) and associated salinity changes 
(De Deckker, 1982), and cessation in dune building (Wasson, 1986), as well as a 
slowing in peat formation in southeastern Australia. In a review by Kershaw (1989) the 
magnitude of the mid-Holocene warming phase is considerably played down by 
attributing much of the evidence to the earlier 'arid phase' of the Late Pleistocene. There 
is no direct indications of this warmer/wetter phase preserved in the Monaro. 
2.6. HUMANS IN THE ENVIRONMENT 
Quaternary environments were also affected by the presence of humans and their 
activities. The prehistory of the Monaro is particularly relevant to fauna! change in the 
more recent part of the record 
At the time of European settlement the N garigo tribe occupied both the southern and 
northern parts of the Monaro Region (Figure 2.7). Flood (1980) and Hancock (1972) 
provide ethnographic accounts of the Aborigines in the region as recorded at the time of 
European settlement. By the 1850's their numbers had rapidly decreased; the last full-
blood member of the Ngarigo tribe, Biggenhook, died in Cooma in June, 1914 
(Hancock, 1972). 
The earliest direct evidence of human occupation in the northern Monaro region is a burial 
site dated at 6,060 years BP at the Rock Flat Creek locality (Cohen, 1993; Feary et al., in 
prep.). This site contains the remains of two people, a male and female, and a unique 
collection of grave goods (see Chapter 7). However, just outside the region, the 
archaeological record of human occupation extends back into the Late Pleistocene. Figure 
2.7 shows the locations of archaeological sites of the Monaro and surrounding regions 
referred to in the text 
The Late Pleistocene archaeological record indicates humans were occupying the upper 
Murrumbidgee ranges to the west of Canberra at Birraghi Rock Shelter at least by 21 ka 
(Flood et al., 1987), and in the south near the Snowy River at Cloggs Cave by 17 ka 
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(Flood, 197 4 ). The coastal plain to the east of the Monaro Tablelands was occupied by 
20 ka at Burrill Lake (Lampert, 1971), and by 12 ka at Bulee Brook 2 (Boot, 1994). 
At Lake George 40 km northeast of Canberra (Figure 2.7) there is mention of artefacts in 
sediments dated from 17-23 ka (Coventry, 1976; Singh et al., 1981). Elsewhere at Lake 
George, human occupation has been suggested to be as early as 128 ka (Singh et al., 
1981ab) inferred from vegetation changes, and from an increase in charcoal in lake cores 
from that time onward. 
The Lake George record also shows a significant rise in charcoal in the late Holocene. 
The increases in charcoal together with increases in fire-tolerant species have been 
interpreted to signify the arrival of humans at the lake bringing with them regular fire-
stick farming practices (Singh and Geissler, 1985). However, these interpretations are 
questioned on the grounds of the presences of charcoal events prior to 128 ka (see 
Wright, 1986) and alternative explanations for the vegetation changes (see Ladd, 1988). 
Holocene occupation sites are significantly more abundant than Pleistocene sites in and 
around the Monaro region. As mentioned above the earliest direct evidence for human 
occupation from within the northern Monaro region is the burial site at Rock Flat Creek 
(Cohen, 1993; Feary et al., in prep.). Other dated sites from the surrounding region are at 
Little Thredbo Valley at 4,390 years BP (Kamminga et al., 1989), Sassafrass at 3,770 
years BP (Flood, 1980), Nursery Swamp at 3,700 years BP (Rosenfeld et al., 1983), at 
Caddigat (1,600 years BP), and at Bogong (1,000 years BP), and several sites near 
Canberra (770, 760 and 370 years BP) (Flood et al., 1987). 
Undated surface finds are numerous throughout the region. Walkington ( 1986) describes 
tools on the edges of the ephemeral lakes on the basalt plateau in the southern Monaro, 
and Dovey (1984) reports several camp sites along the Murrumbidgee River. 
As postulated by Flood (1973), aboriginal occupation in the region may have been 
seasonal, restricted to the summer months when groups moved through the tablelands to 
the mountains to exploit the aestivating Bogong Moth (Argotis infusa). On the other hand 
Argue (1995) suggests the daisy yam (Microseris lanceolata) would have provided a year 
round food source and together with the archaeological evidence from throughout the 
region concludes that occupation was permanent and concentrated in the valleys while the 
plateaus were used as short-stay camps. 
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Figure 2.7. Location map of significant archaeological sites in the Southern Tablelands mentioned 
in the text. The boundary of the Ngarigo tribal area is in the centre of the region (tribal areas after 
Tindale, 197 4 ). 
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CHAPTER 3: TAXONOMY OF FAUNAL ASSEMBLAGES 
3.1. INTRODUCTION 
In this chapter an account is given of the fossils collected from the alluvial fossil sites at 
Pilot Creek, Tannery Creek, Bulong, South Bunyan, Bunyan Siding, Rock Flat Creek 
and Ryries Creek. 
Descriptions are arranged taxonomically rather than separately for each locality, in order 
to avoid repetition and to enable easy comparison of specimens from different sites. The 
taxonomic arrangement is that used conventionally (e.g. Strahan, 1983). Non-
mammalian tax.a are described after Mammalia. Morphometric, biometric, descriptive, 
and illustrative material is provided for each tax.on listed. 
There are over 2000 fossil specimens from the various sites (see Appendix A for details). 
Some 180 specimens are identifiable to species rank. These are described here. The 
remainder consists of indeterminable fragments (mostly postcranial). Material described 
here has been identified to the lowest taxonomic rank possible. The identifications are 
based on comparative morphology and biometrics. Distributional information is also 
taken into account 
Where the taxonomy is currently unstable it is reviewed in the light of the new material. 
Principal taxonomic issues addressed are: 
- the description of a new subspecies of Macropus agilis (Gould, 1843); 
- the discrimination between Protemnodon roechus (Owen, 1874) and P. brehus 
(Owen, 1874); 
- the discrimination between Macropus titan Owen, 1838 and M. giganteus Shaw, 
1790;and 
- the conservation of the generic name Procoptodon Owen, 187 4 and the specific names 
P. rapha Owen, 1874 and P. pusio Owen, 1874; 
Twenty nine species of mammal from 10 families are identified, as well as a small 
number of birds, reptiles, frogs and fish (Table 3.1 ). From sites in the Pilot Creek valley 
21 species of mammals are recognised. From the Bunyan Siding locality 18 species of 
mammal are identified. Individual faunal lists for each locality are given in the summary 
at the end of this chapter and in Chapter 7. The collections from Bulong, South Bunyan, 
and Ryries Creek each contain a single species of mammal, while at Cooma Creek and 
Rock Flat Creek there are 2 and 3 species respectively. Tannery Creek specimens are 
indeterminate postcranial bone fragments and are listed in Appendix A. Fossil locality 
and site names and geological units cited in this chapter are described in detail in Chapters 
4, 5 and 6. Plates are presented at the end of this chapter. 
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Number of Identified specimens at each locality 
Tax a Pilot Bunyan Bulong South Rock Flat Ryries Cooma 
Creek Sidin!il Bun:tan Creek Creek Creek 
Class Mammaia 
Family Ornithorhynchidae 
Ornithorhynchus anatinus 2 
Family Dasyuridae 
Dasyurus viverrinus 2 2 
Sarcophilus laniarius 1 
Family Thylacinidae 
Thylacinus cynocephalus 1 
Family Perame&dae 
lsoodon obesulus 2 
Perameles gunnii 3 1 
Perameles nasuta 2 
Perameles sp. indet 6 
Family Diprotodontidae 
Diprotodon spp. 1 1 1 1 3 
cf. Zygomaturus trilobus 1 1 
Family Thylacoleonidae 
Thylacoleo carnifex 1 
Family Vombatidae 
Vombatus ursinus 10 14 
unknown vombatiform 1 
Family Potoroidae 
Aepyprymnus rufescens 6 3 
Family Macropodidae 
Sthenurus atlas 3 
Procoptodon rapha 1 
Protemnodon anak 1 5 
Protemnodon roechus/brehus 3 1 
Macropus giganteus 14 5 
Macropus titan 23 3 2 
Macropus sp. aff. M. giganteus - 6 
Macropus robustus 3 
Macropus rufogriseus 3 3 
Macropus agilis 17 
Macropus sp. indet. 9 
Family Muridae 
Conilurus albipes 1 
Mastacomys fuscus 2 1 
Rattus lutreolus 5 
Pseudomys sp. aff. P. australis 2 1 
Pseudomys fumeus 1 
Class Aves 14 
Class Reptilia 1 5 
Class Amphibia 2 8 
Class Osteichthyes 1 
Table 3.1. Summary of number of identified specimens from the various localities in the 
northern Monaro region. Note faunal assemblages for Pilot Creek and Bunyan Siding include 
specimens from more than one stratigraphic unit. 
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3.2. MATERIALS AND METHODS 
3.2.1. Collections 
The materials used for this study are temporarily held at the Geology Department, 
Australian National University. All specimens will be deposited with the Australian 
Museum, Sydney. Fossils collected previously from the northern Monaro region held in 
the Australian Museum, Sydney, are also included. 
Fossil specimens from the study sites have been allocated temporary numbers, derived 
from either an ANU Geology Museum number (from D48682 to D48948) or from the 
date of collection (from D89080301 to D95121801) starting with the year, then month, 
then day, then specimen number collected that day. They are all prefixed by the letter D 
(for Davis collection) throughout this text. 
Comparative s~mples, both modern and fossil, held in various institutions are referred to 
using the following prefixes: 
AD modern comparative material in own reference collection; 
AIA Australian Institute of Anatomy, Canberra (now in National Museum of 
AM 
BM 
CM 
FM 
M 
NMV 
QM 
SAM 
:Australia); 
The Australian Museum, Sydney; 
British Museum (Natural History), London; 
Australian National Wildlife Collection, CSIRO, Gungahlin, Canberra; 
Field Museum ofNatural History, Chicago, U.S.A.; 
Australian National University, Prehistory Collection, Canberr~; 
National Museum of Victoria, Melbourne; 
Queensland Museum, Brisbane; 
South Australian Museum, Adelaide; 
W AM Western Australian Museum, Perth. 
M~terial previotisly identified from the fossil localities studied is re-identified including 
material reported by Davis (1989) and Ride et al. (1989). 
3.2.2. Nomenclature and Terminology 
The suprafamilial -classification of the mammalian taxa follows Clemens (1989). The 
familial classification of the mammalian taxa follows that of Aplin and Archer (1987). 
The names of taxa are qualified by authorship and date in the heading of each section 
describing the material of that taxon. Elsewhere, names are used without indication of 
authorship, except when a name of a species is used for the first time. Thereafter the 
name is used without authorship. For the original references to the names employed for 
fossil t'axa see Mahoney- :- and Ride (1975). Synonymies are not given. No new 
synonymies appear in this thesis. The nomenclature used for extant mammal species 
follows those of authors in Walton (1988). 
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UPPER LEFT MOLAR 
forelink 
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Figure 3.1. Terminology used for upper and lower macropodid cheek teeth 
(after Ride, 1994). 
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Dental nomenclature follows the system introduced by Owen (1854; 1858) and Flower 
(1868; 1869) and recently reviewed by Luckett (1993). In that system the deciduous 
cheek teeth are P2 and dP3, the permanent premolar is P3 and the molars are Ml to M4. 
Dental terminology follows Ride (1994) and is illustrated in Figure 3.1. In the 
Macropodidae 'accessory spur' is a transverse ridge running from the buccal or lingual 
side of the midlink. An 'accessory link' is a ridge running parallel to the midlink from a 
loph or lophid face. Variations in form of the posterior cingulum ( = hypocingulid) on 
lower molars in macropodids are: a 'fossa' which is an enclosed basin formed by a 
strong crest from the hypoconid meeting with a lesser crest from the entoconid; a 
'groove' which is not closed and is formed by folds rather than crests; and a 'pit' which 
is a groove joined only at the bottom forming a closed pit. For macropodids terminology 
for all foramina and bones in the skull follows Wells and Tedford (1995). 
Rodent cusp nomenclature follows that of Miller (1912), using Tl to T9 for upper molars 
and that of Gaunt (1955) for lower molars. Skull terminology, in particular foramina, 
follows Watts and Aslin (1981, their fig. 5). 
3.2.3. Mensuration 
Measurements were made using digital calipers and recorded in millimetres (mm). The 
method of measuring and abbreviations are defined as follows: 
- P2L, dP3L, P3L- maximum anteroposterior length of enamel crown of deciduous and 
permanent premolars; 
- M lL, M2L, M3L, M4L- maximum anteroposterior length of enamel crown of 
respective molars (for molars of Potoroidae, Macropodidae, Vombatidae, and 
Diptrotodontidae length is taken along the midline of the tooth; for all other marsupial 
taxa it is taken from the buccal edge; 
- MlAW, M2AW, M3AW, M4AW - maximum width taken along protoloph (-id); 
- MlPW, M2PW, M3PW, M4PW - maximum width taken along the metaloph or 
hypolophid; 
- MW - for upper molars maximum width taken from the most anterobuccal cusp to the 
most lingual cusp (for Thylacinidae and Dasyuridae), for lower molars width across 
protoconid; 
- Ml-3 L (for Murids) - maximum anteroposterior length of enamel crowns measured 
along the midline; 
- BH- (for Sarcophilus) buccal height taken from the midline on the buccal side from the 
tip of the cusp to the base of the enamel at the lowest point; 
- LH - lingual height as for BH but taken on the lingual side; 
- CL - canine length taken as the maximum anteroposterior dimension at the base of the 
enamel cap; 
- CW - canine width is the maximum buccolingual dimension at the base of the enamel 
cap; 
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- GR - number of grooves on premolars (Potoroidae) is number of cusps along the crest 
less one; 
- SW - skull width outside zygomatic arches tangential to the posterior of the orbits (for 
Potoroidae ); 
- I depth(= incisor width of some authors) - maximum dorsoventral dimension across 
crown of lower incisor; 
-f basal L (for M. agilis) - length of r taken on buccal side at base of crown; 
-r occlusal L (for M. agilis) - length of r taken on the buccal side at the occlusal edge; 
- ramus W - width across dentary at posterior end of symphysis; 
- ramus D - maximum depth of dentary on lingual side from alveolus edge to ventral 
surf ace; and 
- diastema L - length of diastema from anterior of the most anterior premolar to edge of 
lower incisor alveolus. 
3.2.4. Statistical Procedures 
Specimens have been described using diagnostic morphological features in conjunction 
with biometric analyses. 
Comparative samples, both modern and fossil, have been selected for their homogeneity 
(that is, same locality, same age) and as large a sample as possible. The coefficient of 
variation (CV) has been used as an indication of the homogeneity of samples (see 
Simpson et al., 1960) and to provide an indication of the natural variation of a character. 
Where possible the CV has been calculated except where samples are too small or where 
locality or identifications are doubtful. 
Primary data have been analysed using the statistical package ·StatView™ 512+ for 
Macintosh. The Student T-Test (using unpaired two-tailed; Simpson et al., 1960) was 
used to compare data from Monaro fossil specimens with the sample means of 
comparative material. I have accepted that populations are significantly different if P is 
less than 0.05. 
Statistical abbreviations in tables are: N = sample size, OR = observed range, M = 
sample mean, SE = standard error, SD = standard deviation, CV = coefficient of 
variation. Primary data comprising measurements and locality details of comparative 
samples are provided in Appendix B. 
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3.3. FAUN AL DESCRIPTIONS AND IDENTIFICATIONS 
Subclass Monotremata Bonaparte, 1838 
Family Ornithorhynchidae Burnett, 1830 
3.3.1. Ornithorhynchus anatinus (Shaw, 1799) 
Introduction 
Two specimens are identified as the extant species 0. anatinus (Platypus). Both 
specimens were collected from Bunyan Siding. This is the first Pleistocene occurrence of 
fossil platypus recorded from southeastern New South Wales. 
Material 
091011933, left fibula, Bunyan Siding, Jilliby Formation (Plate 3.1, fig. la). 
090121502, left humerus, Bunyan Siding, Jilliby Formation (Plate 3.1, fig. 2a). 
Description and Identity 
The fibula, 091011933, is nearly complete, only missing the tip of the articulatory 
process and some edges at the proximal end of the expanded fabella process. The 
maximum length is 62.3 mm. Because of the damaged proximal end a second length 
dimension is measured from the base of the fabella process to the most distal point ( 49. 7 
mm). The expanded fabella process is a characteristic of the modern monotremes 
(Ornithorhynchus and Tachyglossus). However, the two genera are easily separated by 
size and shape, Ornithorhynchus being broader and thinner. 
The humerus, 090121502, has broad flattened distal and proximal ends offset to each 
other. The 'twist' of the shaft or angle of humeral torsion as defined by Pridmore (1985) 
is approximately 750 for Ornithorhynchus and 450 in Tachyglossus (Pridmore, 1978). 
The size of the humerus is measured using three dimensions; maximum length, distal 
width, and proximal width (Table 3.2). 
The dimensions of the two Monaro fossil specimens are well within the observed ranges 
of a sample of modern specimens of 0. anatinus collected from southeastern Australia 
(see Table 3.2). The two fossil specimens are also indistinguishable in morphology from 
the modern sample (Plate 3.1, figs lab, 2ab). 
Grant (1992), in a review of the distribution of the platypus, reports fossil platypus from 
only one other locality in New South Wales; the Late Pleistocene deposits at Tandou in 
the lower Murray-Darling system. Although rare in the fossil record, platypus currently 
live along the Murrumbidgee River (Grant, 1992) near the fossil site and are thus not 
unexpected in the fossil deposit. 
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Monaro Comparative Modern Sample 
Fossils 
N Range Mean ± SE SD CV (o/o) 
Fl bu la 
L 62.3 6 52.6 - 68.1 60.5±2.7 6.7 11.0 
FL 49.7 6 40.8-49.9 45.4± 1.7 4.3 9.4 
DW 6.5 6 5.6 - 7.2 6.4±0.3 0.7 10.5 
Humerus 
L 31.6 8 30.2 -37.4 34.3±0.9 2.6 7.6 
DW 23.5(a) 8 23.8 -30.9 28.4±0.8 2.4 8.4 
PW 16.9 8 15.1 - 19.8 18.1±0.5 1.6 8.5 
(a) missing tip of ectepicondylar process 
Table 3.2. Dimensions (mm) of fibula and humerus of northern Monaro specimens and a 
modern sample of Ornithorhynchus anatinus from southeastern Australia. L = maximum 
length, FL = length from base of fabella to distal end, OW = distal width, PW = proximal width. 
Statistical abbreviations are N = number of specimens, Range= observed range, SE = 
standard error, SD = standard deviation, CV = coefficient of variation. 
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Family Dasyuridae (Golfuss, 1820) 
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3.3.2. Dasyurus viverrinus (Shaw, 1800) 
Introduction 
Four specimens of D. viverrinus are identified. Two specimens are from Pilot Creek and 
two are from Bunyan Siding. 
Material 
Pilot Creek 
0487 57, fragmented cranium includi~ nasals, frontals, right premaxilla with 11 and 14, 
and left maxilla with P1, P3, M1 , Pilot Creek, Poplars Site (Plate 3.1, fig. 3). 
048758, right mandibular ramus with P1, P3, M1-4, missing canine and incisor, Pilot 
Creek, Poplars Site, (Plate 3.1, fig. 4). 
Bunyan Siding 
091091901, right mandibular ramus with 11_3, C, P1, P3, M1_4, and disarticulated 
incomplete left mandibular ramus with l1-M2, M4, missing M3, Bunyan Siding, 
Nestle Brae Formation, (Plate 3.1, figs 5a, 5b). 
091112301, left M3 and M4 in maxillary fragment, Bunyan Siding, Jilli by Formation 
(Plate 3.1, fig. 6). 
· Description and Identity 
The Pilot Creek specimens, 048757 and 048758, are a mandible and skull collected 
from the same concentration of bones. They have similar preservation and similar 
advanced wear stages, and are thus probably from the same individual. The cranium is 
slender and thinly ossified. The nasal bones expand posteriorly and have a combined 
posterior width of 9.5 mm, anterior width of 5.6 mm and length 26.2 mm. The minimum 
infraorbital diameter is 11.5 mm. Although fragmented, the posterior palatal vacuity on 
the left side is discernible as a small oval shape level with M2 (Plate 3.1, fig. 3). The 
molars have compressed anterior cingula, broadened trigon basins, and worn cusps and 
crests. Tooth dimensions are given in Tables 3.3 to 3.7. 
The other specimen with upper cheek teeth, 091112301 from Bunjan Siding, differs 
from the Pilot Creek skull (048757) in several ways. The upper M metacrista on the 
Bunyan specimen is shorter (4.3 mm : 4.5 mm), the stylar cusp C sits closer to the 
metacone, the metaconule is much reduced, and the lingual surface of the metacone is 
more upright (Plate 3.1, fig. 6). However, all of these differences can be attributed to 
differing degrees of wear, and are within the range of variations seen in large samples of 
D. viverrinus and are thus not considered sufficient to warrant separation of this 
specimen from the Pilot Creek specimens. 
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The lower tooth rows (D48758 from Pilot Creek and 091091901 from Bunyan Siding) 
are similar to each other in form (Plate 3.1, figs 4 and 5). Small differences in cusp 
heights and dimensions (Tables 3.5 and 3.7) are attributed to wear. 
The morphology and size of the _Monaro specimens are indistinguishable from modern 
samples of D. viverrinus and D. geoffroii Gould and distinguish them from all other 
dasyurids. All of the dimensions are well within the observed ranges of a modern sample 
of D. viverrinus studied at the Australian National Wildlife Collection, CSIRO, 
Canberra, collected from a Tasmanian population (see Tables 3.4 to 3. 7). D. viverrinus 
was relatively abundant in the Southern Tablelands region until 1956 when the last 
official sighting was made (Marlow, 1958). It is now restricted to Tasmania being 
presumed extinct in South Australia, Victoria and probably in New South Wales 
(Godsell, 1982). It is thus not unexpected to find the species in the fossil deposits in the 
northern Monaro region. It has also been recorded in the Southern Tablelands fossil 
record at Wyanbene Caves (Hope, MS. nd). 
The Monaro specimens are also indistinguishable from D . geoffroii, which is 
morphologically similar to D. viverrinus. Comparisons made between modem samples 
of skulls of D. geoffroii and D. viverrinus show no characters which consistently 
separate the two species although they can be separated easily on external features such 
as the colour of tail fur and number of toes (Waterhouse, 1846). A cranial character 
thought to be useful for discriminating between the two species, posterior palatal 
vacuities being larger and more obvious in D. geoffroii (Thomas, 1888; Wood Jones, 
1925), was found in this study to be highly variable with no consistent difference 
apparent 
Using dental characters, Smith (1972) claimed to have separated samples of the two 
species using the ratio of the dimensions 'protocone - metastyle I protocone - parastyle' 
in upper M1 and M3. In this study the ratio of D. geoffroii was found to fall within the 
observed range for the sample of D. vive"inus (Table 3.3), thus suggesting there is an 
overlap for that character in the two species. The Monaro specimens have ratios for M3 
of 0.71 and 0.75 which are not significantly different from either species falling within 
the zone of overlap. 
Monaro Fossils Comparative Modern Material 
048 09111 D. vlverrlnus D. geoffroll 
757 2301 N Range Mean SD N Range Mean SD 
M1 0.62 11 0.58 - 0.72 0.66 0.04 10 0.54- 0.68 0.61 0.05 
M3 0.71 0.75 11 0.66 - 0.76 0.73 0.03 10 0.64- 0.79 0.74 0.05 
Table 3.3. Statistical summary of protocone - metastyle I protocone - parastyle ratios (mm) for 
various Dasyurus spp. samples. See Table 3.2 for statistical abbreviations. 
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From these findings it is concluded that the character is of no use for distinguishing the 
Monaro specimen from either species. The same conclusion is reached by Lundelius and 
Turnbull (1978) using fossil samples from Madura Cave, Western Australia, and from 
the Field Museum. Ratios presented by Archer (1978b) also show an overlap in the 
observed ranges for upper M3 ratios (D. viverrinus 0.59 - 0.74 and D. geoffroii 0.73 -
0.76). 
D. geoffroii now occupies southwestern Western Australia and Papua New Guinea 
(Archer, 1979), but within the period of European occupation had a wider distribution 
including Queensland (McEvoy and Kirkpatrick, 1971, Frith, 1979), southwestern New 
South Wales and the Liverpool Plains (Waterhouse, 1846), South Australia and the 
Northern Territory (Wood Jones, 1925), and Western Australia (Ride, 1968, fig 3). 
Although its present distribution does not include the Monaro, and although it has not 
been recorded east of the Great Dividing Range in view of the effects of the Monaro rain 
shadow, the possibility of D. geoffroii occurring in the Monaro deposits cannot be 
completely dismissed. 
D. maculatus (Kerr) is not represented in the sample from the Monaro. All specimens 
differ from the extant species, D. maculatus which is significantly larger in all 
dimensions (Tables 3.4 and 3.5), has much thicker, more heavily ossified bones, has 
well-developed cingula on the upper premolars, and has more bulbous buccal surfaces 
along the stylar shelfs of each molar. The molar gradients also differ. D. maculatus molar 
gradient is Ml < M2 < M3 > M4, where as for the Monaro specimen it is Ml = M2 = M3 
>M4. 
D. hallucatus Gould is not represented in the sample from the Monaro. The specimens 
differ from D. hallucatus by the presence of well-developed metacrista which in D. 
hallucatus is not as pronounced, and by their larger size (Tables 3.6 and 3.7). The size 
and shape of the upper incisors differ; D. hallucatus being narrower, smaller and well 
spaced. Apart from the differences in size and dental morphology the known distribution 
of D. hallucatus (Begg, 1983) suggest it unlikely to have occurred as far south as the 
Monaro. 
The smaller size distinguishes the Monaro specimens from the two fossil species, D. 
affinis McCoy and D. bowlingi Spencer & Kershaw. D. affinis is described from a 
Victorian specimen and is figured by Gill (1953) and as Ride (1964, p. 111) suggests, it 
" ... is nearly as large as D. maculatus but differs in proportions". D. bowlingi was 
collected from the Bass Strait Islands and is much larger than D. maculatus (Spencer and 
Kershaw, 1910). The Monaro mandibular specimens differ from the Pliocene fossil 
species, D. dunmalli Bartholomai, which has a single-rooted peg-like lower P3 
(Bartholomai, 197la; Archer, 1982). 
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Monaro Fossils Comparative Modern Material 
048 09111 
757 2301 
Dasyurus vlvsrrlnus Dasyurus gsoffrol/ 
N Range Mean SD CV N Range Mean SD CV 
p1 L 2.8 11 2.5-3.3 2.9 0.22 7.6 10 2.5-3.3 2.88 0.27 9.5 
p3 L 3.6 11 3.2-4.0 3.7 0.23 6.1 10 3.2-3.9 3.56 0.23 6.4 
M1 L 5.4 11 5.3-6.0 5.6 0.23 4.1 10 5.3-6.4 5.74 0.33 5.8 
w 3.4 11 3.3-4.3 3.8 0.29 7.6 10 3.3-4.0 3.62 0.21 5.8 
M2 L 5.4 11 5.0-5.8 5.4 0.25 4.6 10 5.1-6.3 5.68 0.33 5.9 
w 4.4 11 4.2-5.2 4.7 0.32 6.8 10 4.5-5.0 4.76 0.15 3.2 
M3 L 5.4 5.9 11 5.2-6.1 5.5 0.25 4.5 10 5.1-6.0 5.62 0.29 5.2 
w 4.8 4.9 11 4.5-6.1 5.4 0.4 8.1 10 4.9-6.1 5.55 0.35 6.3 
M4 L 2.1 2.0 10 2.1-2.6 2.3 0.16 6.9 9 1.9-2.2 2.0 0.1 4.9 
w 5.6 5.8 10 5.1-6.4 5.7 0.41 7.1 9 5.4-6.2 5.79 0.25 4.4 
M1-4 L 17.9 10 17.8-19.8 18.7 0.58 3.1 9 17.7-20.1 18.72 0.8 4.3 
Table 3.4. Comparisons of dimensions (mm) of upper teeth of the fossil Monaro 
specimens with modem material of D. viverrinus (from Tasmania) and D. geoffroii (from SW 
Western Australia). See Table 3.2 for statistical abbreviations. 
Monaro Fossils Comparative Modern Mater la I 
048 09109 Dasyurus vlvsrrlnus Dasyurus gsoffroll 
758 1901 
N Range Mean SD CV N Range Mean SD CV 
P1 L 3.7 3.3 11 2.8-3.8 3.4 0.36 10.6 10 3.2-3.8 3.4 0.21 6.0 
P3 L 3.9 3.8 11 3.5-4.2 3.8 0.20 5.4 10 3.4-4.2 3.7 0.25 6.6 
M1L 4.6 4.5 10 4.0-5.0 4.5 0.3 6.1 10 4.4-5.3 4.7 0.26 5.5 
w 2.2 2.2 10 1.9-2.5 2.3 0.2 9.2 10 2.1-2.7 2.3 0.21 8.8 
M2L 5.2 5.0 11 4.4-5.5 4.0 0.3 5.6 10 4.8-6.0 5.3 0.36 6.8 
w 3.2 3.1 11 2.6-3.3 2.9 0.2 7.2 10 2.7-3.2 2.9 0.17 5.8 
M3L 5.4 5.1 11 4.6-6.0 5.0 0.4 8.7 10 5.0-5.8 5.4 0.33 6.1 
w 3.4 3.2 11 3.0-3.5 3.2 0.2 5.2 10 3.1-3.6 3.3 0.16 4.9 
M4L 5.5 5.5 10 4.6-6.0 5.1 0.4 7.3 10 5.0-5.9 5.5 0.29 5.23 
w 3.4 3.3 10 2.8-3.5 3.1 0.2 7.0 10 2.9-3.5 3.2 0.20 6.4 
M1-4 L 20.6 20.1 11 19.0-22.0 20.4 0.8 4.0 10 19.6-22.4 20.7 1.02 4.9 
C-P3 L - 11.9 11 10.4-14.9 12.9 1.5 11.8 10 11.2-14.4 12.7 1.04 8.2 
Table 3.5. Comparisons of dimensions (mm) of lower teeth of the fossil Monaro 
specimens with modern material of D. viverrinus (from Tasmania) and D. geoffroii (from SW 
Western Australia). See Table 3.2 for statistical abbreviations. 
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Monaro Fossils Comparative Modern Mater la I 
D48 09111 Dasyurus maculatus Dasyurus hallucatus 
757 2301 
N Range Mean SD CV N Range Mean SD CV 
P1L 2.8 10 3.3-3.6 3.5 0.13 3.7 5 2.0-2.4 2.2 0.17 7.7 
P3L 3.6 10 4.0-4.4 4.1 0.12 2.8 5 2.9-3.1 3.0 0.1 3.3 
M1L 5.4 10 5.6-6.4 6.0 0.26 4.4 5 4.1-4.6 4.4 0.2 4.6 
w 3.4 10 4.0-4.6 4.3 0.19 4.5 5 2.7-3.0 2.9 0.14 4.9 
M2L 5.4 10 6.1-7.2 6.5 0.33 5.1 5 4.0-4.3 4.2 0.11 2.6 
w 4.4 10 5.1-5.9 5.4 0.27 5.0 5 3.5-4.0 3.8 0.19 5.1 
M3L 5.4 5.9 10 5.9-6.9 6.4 0.32 5.0 5 4.0-4.3 4.1 0.11 2.6 
w 4.8 4.9 10 5.8-6.7 6.4 0.30 4.8 5 4.2-4.6 4.4 0.15 3.4 
M4L 2.1 2.0 10 2.4-2.7 2.6 0.12 4.7 5 1.5-1.8 1.6 0.11 6.9 
w 5.6 5.8 10 6.4-7.4 6.9 0.28 4.1 5 3.8-4.8 4.4 0.39 8.9 
M1-4L 17.9 - 10 20.5-22.6 21.44 0.73 3.4 5 14.1-15.0 14.6 0.35 2.4 
Table 3.6. Comparisons of dimensions (mm) of upper teeth of the fossil Monaro 
specimens with modem material of D. maculatus (from New South Wales) and D. hallucatus 
(from the Northern Territory). See Table 3.2 for statistical abbreviations. 
Monaro Fossils Comparative Modern Mater la I 
D48 09109 Dasyurus maculatus Dasyurus hallucatus 
758 1901 
N Range Mean SD CV N Range Mean SD CV 
P1L 3.7 3.3 10 3.7-4.1 3.9 0.11 2.9 5 2.4-2.6 2.5 0.01 3.6 
P3L 3.9 3.8 9 4.1-4.7 4.3 0.2 5.0 5 2.9-3.2 3.0 0.13 4.5 
M1L 4.6 4.5 10 4.7-5.9 5.2 0.4 6.8 5 3.6-3.7 3.7 0.05 1.2 
w 2.2 2.2 10 2.6-3.5 3.0 0.3 8.9 5 1.8-2.1 1.9 0.14 7.4 
M2L 5.2 5.0 10 5.5-6.1 5.8 0.19 3.2 5 3.7-4.0 3.9 0.14 3.6 
w 3.2 3.1 10 3.3-3.8 3.6 0.16 4.6 5 2.2-2.3 2.3 0.05 2.4 
Mal 5.4 5.1 10 5.7-6.5 6.1 0.13 5.0 5 3.6-4.0 3.9 0.15 3.9 
w 3.4 3.2 10 3.7-4.2 4.0 0.2 4.9 5 2.5-2.6 2.5 0.05 2.1 
M4L 5.5 5.5 10 6.0-6.9 6.5 0.4 5.5 5 3.3-4.3 3.7 0.40 10.3 
w 3.4 3.3 10 3.4-3.9 3.7 0.2 4.4 5 2.3-2.4 2.3 0.1 2.3 
M1·4 L 20.6 20.1 10 22.5-25.6 24.1 0.9 3.8 5 15.6-16.7 16.2 0.4 2.7 
C·P3 L - 11.9 9 14.2-19.3 16.5 1.9 11.9 5 9.6-11.2 10.2 0.7 6.6 
Table 3.7. Comparisons of dimensions (mm) of lower teeth of the fossil Monaro 
specimens with modem material of D. maculatus (from New South Wales) and D. hallucatus 
(from the Northern Territory). See Table 3.2 for statistical abbreviations. 
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Family Dasyuridae (Goldfuss, 1920) 
3.3.3. Sarcophilus Ianiarius Owen, 1877 
Introduction 
The tip of a canine of S. laniarius has been collected from the Pilot Creek locality. S. 
laniarius has been recorded from three other localities in the Southern Tablelands; from 
Wombeyan Quarry (Hope, 1982a), Limekilns (Hope, MS. nd) and Mt. Fairy (Willis, 
1993). 
Material 
D48831, right upper canine, Pilot Creek, Pilot Creek Formation, (Plate 3.1, fig. 7a). 
Description and Identity 
The specimen (048831) is an enamel cap of a large canine showing the blue 
discolouration of enamel frequently seen in the older Pilot Creek specimens. The cusp 
has a single ridge extending from the tip to the base in the posterolingual position, a 
feature which assists in orientating the tooth and distinguishes it from lower canines. The 
tip of the cusp is partly worn exposing the pulp canal. The tooth curves slightly lingually; 
the buccal height being longer than the lingual height. In lower canines the tooth curves 
posterolingually. The size of the tooth has been described using four measurements; 
Buccal Height, Lingual Height, Canine Length, and Canine Width, and compared with a 
modem sample of S. harrisii (Boitard) from Tasmania (Table 3.8; Plate 3. 1, figs 7a, 7b). 
The canine is recognised as being Sarcophilus and not Thylacinus because it is shorter 
and straighter, has a distinctive curved enameVroot junction and has a posterolingual 
enamel ridge. It is much larger than those of Dasyurus. 
From the data in Table 3.8 the size of the Monaro specimen is significantly larger than the 
sample of modem S. harrisii from Tasmania, with all values well outside the 99% 
confidence limit. Ideally, comparisons with specimens of the Late Pleistocene form, S. 
laniarius, from the Type locality of Wellington Caves should be made but unfortunately 
there were no upper canines available at the time of this study. 
There is ongoing debate in the literature concerning the recognition of the two 
morphologically similar species S. harrisii and S. /aniarius (e.g. see Archer, 1978b; 
Dawson, 1982b; Werdelin, 1987; Murray, 1991). The taxonomic decision of Dawson 
( 1982b) has been followed here accepting that the two forms are separate species being 
distinguished by size, as clearly demonstrated by Dawson (1982b) and Werdelin (1987). 
As Murray (1991, p.1090) reports, S. /aniarius is "essentially a statistically defined 
species". 
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Monaro Fossil Sarcoph/lutJ harrlsl/ Student T-Test 
048831 N Range Mean±SE SD CV(%) T-value p 
Buccal H 18.4 13 14.3-16.9 15.8 ± 0.22 0.78 4.9 3.108 < 0.01 
Llngual H 17.2 13 12.7-14.9 13.8 ± 0.21 0.77 5.6 4.134 <0.01 
Canine L 8.7 13 6.7-7.7 7.3 ± 0.07 0.27 3.7 4.787 < 0.01 
Canine w 8.2 13 6.6-7.4 7.0±0.06 0.23 3.3 4.751 <0.01 
Table 3.8. Comparisons of canine measurements (mm) of the fossil Monaro specimen with 
Sarcophilus harrisii material from Tasmania. See Table 3.2 for statistical abbreviations. 
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Family Thylacinidae Bonaparte, 1838 
3.3.4. Thylacinus cynocephalus (Harris, 1808) 
Introduction 
Thylacinus cynocephalus is represented by one skeleton collected from the Pilot Creek 
deposits. 
The fossil distribution of T. cynocephalus in the Southern Tablelands region comprises a 
further 6 specimens, from Yarrangobilly Caves (Dawson, 1982c), Kybeyan Caves 
(AMF846 and AMF847), Bungonia Caves (Hope, MS. nd; Willis, 1993), Wombeyan 
Quarry (Hope, 1982a), Wee Jasper Caves area and Mt Fairy (Willis, 1993). Although 
the species is relatively widespread the Pilot Creek specimen is the only dated specimen 
from the region, being at least 11,000 years old (age discussed in Chapter 4). 
Material 
048763, semi-articulated skeletal remains including dentaries and mostly right sided limb 
elements, pelvis, scapular, 8 vertebra and rib fragments, Pilot Creek, T-Site (Plate 
3.2, figs la, lb). 
Description and Identity 
All bone elements show considerable breakage attributed to recent fracturing prior to 
collection. The bone is relatively light and porous and crazed with root etchings. The 
teeth are worn on the cusps, including M4, suggesting the animal was adult. Both left 
and right rami are badly damaged, missing the bone posterior to the third and fourth 
molars (Plate 3.2, figs la, lb). The right mandible has a supernumerary premolar angled 
abnormally perpendicular to the tooth row. The extra premolar is fully developed and 
positioned behind the first premolar, P1, and in front of P3 (Plate 3.2, fig. la). The 
dimensions of the upper and lower dentitions are shown in Tables 3.9 and 3.10. 
The postcranial bones are recognised as Thylacinus and distinguished from Sarcophilus 
and Canis, by having among other features, the acromion process on the proximal end of 
the scapular spine pointing downward and the presence of the entepicondylar foramen 
toward the mesiodistal end of the humerus. The molars of 048763 are typical of 
Thylacinus and distinguished from Sarcophilus and Dasyurus by being larger and lacking 
stylar cusps. When the teeth of the Monaro specimen are compared with recent material 
of T. cynocephalus (MlOl, AIA2653) from Tasmania and a subfossil (CM15266) from 
Y arrangobilly Caves, they are similar in morphology and dimensions, the only 
differences being the dimensions posterior to lower M2 which are slightly smaller (Tables 
3.9 and 3.10). These size differences are insignificant when compared with a much 
larger sample of T. cynocephalus from Tasmania measured by Dawson (1982c) in which 
the Monaro sample falls within the observed ranges for all dimensions except M4 width. 
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The Monaro specimen is also compared with measurements of a fossil sample from 
Wellington Caves (data from Dawson, 1982c) believed to be of Pleistocene age 
(Dawson, 1982a). The Monaro specimen is outside the observed ranges, being smaller 
for most dimensions (see Tables 3.9 and 3.10). 
Dawson (1982c) reviewed the taxonomic status of Pliocene and Quaternary Thylacinus 
including both fossil and modern samples from most states of Australia and concluded 
there was only one variable species recognisable, named T. cynocephalus. This 
taxonomic decision supports earlier work by Ride (1964) and Lowry (1972) who, 
although finding size differences between fossil and modern populations, could not 
justify specific or subspecific separation. Accepting there is only one variable species, 
and the similarity of the Monaro specimen with the modern comparative material, 
specimen D48763 is identified as T. cynocephalus. 
Monaro Comparative Mater la I 
Fossil CM1 M101 AIA Tasmania( a) Wellington Caves (b) 
048763 5266 2653 (modern) (fossil) 
Left Right N Mean Range N Mean Range 
P1L 6.3 6.3 6.3 6.3 18 6.2 5.4-7.0 2 7.5 7.4-7.5 
P3L 8.8 8.9 9.2 7.9 8.0 20 8.4 7.3-9.3 4 9.3 8.6-10.0 
P4L 11.7 11.7 11.9 10.1 10.5 18 10.6 9.1-12.2 6 11.5 10.7-12.4 
M1L 10.5 11.8 10.6 11.1 18 11.0 10.2-12.0 14 11. 7 1 0.5-12.5 
w 8.1 8.8 7.6 7.6 18 8.0 7.2-8.4 14 8.6 7.9-9.5 
M2L 12.5 12.3 14.5 13.8 14.0 20 13.3 11.9-14.5 15 14.1 12.8-15.6 
w 9.6 9.7 11.3 9.9 10.0 20 10.2 9.2-11 .4 15 11 .1 10.2-13.4 
M3L 13.9 - 16.1 15.6 16.1 20 15.1 12.8-16.9 8 15.9 14.8-16.8 
w 10.9 10.9 12.4 11.6 12.0 18 11.8 10.2-13.3 10 12.9 11.7-13.7 
M4L 5.3 6.6 7.6 7.5 14 6.8 5.5-8.8 7 6.5 6.0-7.6 
w 10.0 
- 12.3 12.9 14.3 14 12.2 10.0-15.5 6 12.0 11.0-13.6 
(a) and (b) data from Dawson (1982c) 
Table 3.9. Comparisons of dimensions (mm) of upper dentitions of the T. cynocephalus 
specimen from the Monaro (048763) with various fossil and modem samples. See Table 3.2 for 
statistical abbreviations. 
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Monaro Comparative Material 
Foss II M101 AIA Tasmania( a) Wellington Caves (b) 
048763 2653 (modern) {fossll) 
Left Right N Mean Rans• N Mean Range 
P1L 6.2 5.5 6.6 5.6 18 6.0 5.0-6.7 6 7.8 7.2-8.2 
P2L 6.1 7.2 
P3L 8.9 8.5 9.9 8.9 16 9.1 8.5-10.0 7 10.0 8.9-11.4 
P4L 11.2 11.2 11.1 10.5 17 10.6 9.5-11.9 5 12.2 11.1-13.5 
M1L 8.9 8.9 9.6 9.2 20 9.6 8.7-10.6 9 10.7 10.0-11.8 
w 4.4 4.3 4.5 3.6 20 4.4 3.8-4.9 9 5.1 4.4-5.5 
M2L 11.5 11.1 11.9 11.8 20 12.0 11.1-12.9 8 13.1 12.4-13.5 
w 5.1 5.1 5.5 5.8 20 5.7 5.1-6.2 8 6.3 5.9-6.6 
Mal 12.9 12.8 13.8 13.8 20 14.1 12.8-15.0 13 15.2 14.2-16.4 
w 5.6 5.6 6.4 6.4 20 6.9 6.1-7.5 13 7.5 6.6-8.5 
M4L 14.9 16.4 15.8 17 15.7 14.2-17.0 10 17.4 16.0-18.4 
w 5.7 6.6 6.5 17 7.6 6.6-8.9 7 8.5 7.9-9.3 
(a) and (b) data from Dawson (1982c) 
Table 3.10. Comparisons of dimensions (mm) of the lower dentitions of the T. cynocephalus 
specimen from the Monaro with various fossil and modem samples. See Table 3.2 for statistical 
abbreviations. 
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Family Peramelidae (Gray, 1825) 
3.3.5. Isoodon obesulus (Shaw, 1797) 
Introduction 
I. obesulus is represented by two specimens collected from Pilot Creek. I. obesulus 
occurred in historical times in the southeastern region of New South Wales (Gordon and 
Hulbert, 1989; Ashby et al., 1990) and is common in other subfossil deposits in the 
southeastern region such as at Marble Arch (Hall, 1975) and Yarrangobilly Caves (Hope, 
MS. nd). 
Material 
088050401, ri~ht premaxillary fragment with isolated incisors, right maxillary fragment 
with M1- , isolated left M1 and M2, juvenile, Pilot Creek, Poplars Site. 
048702, left and right mandibular rami with 11_3, C, P1, P2. dP3, Mi_3, M4 in crypt, 
juvenile, Pilot Creek, Poplars Site (Plate 3.2, figs 2a, 2b ). 
Description and Identity 
The premaxilla and maxilla, 088050401, are incomplete. Only the right M1 and M2 are in 
place in the maxilla. There are no teeth in the premaxilla. Isolated upper incisors and 
premolars are associated with the specimen. The alveolar arrangement in the premolar 
region indicates that there was a crowded tooth row in which all premolars had erupted. 
The two rami, 048702, are slender and short with crowded dentitions. An extra cuspule 
is present at the base of each lower molar on the buccal side anterior to the entoconid On 
the right lower Mi this cuspule is deformed, being very enlarged (Plate 3.2, fig. 2a). An 
additional cuspule also occurs on the lingual side of the same tooth. The maxillary and 
mandibular specimens are probably from the same individual. The dimensions of the 
teeth of the two specimens are shown in Table 3.11. 
The specimens, 088050401 and 048702, are identified as lsoodon and distinguished 
from Perameles spp. for the following reasons. (1) The upper molars have both anterior 
and posterior cingula; in Perameles there are no posterior cingula. (2) The metaconules 
on upper molars are well-developed and thus the teeth appear square in occlusal view; in 
Perameles the metaconule is reduced and the teeth appear as truncated triangles. (3) The 
lower edge of the ascending ramus is at an obtuse angle; in Perameles the angle is even 
lower and more smoothly curved. 
The morphology of the lower teeth of the Monaro specimens is indistinguishable from 
modern samples of both I. obesulus and I. macrourus (Gould), except for the deformed 
right Mi of 048702. The additional cuspules on the right Mi are interpreted as being 
abnormal, similar to those of QMJ23082 described by Archer (1975), and are not 
considered taxonomically significant. 
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The upper molars are similar to modern samples of I. obesulus and /. macrourus all 
having similar anterior and posterior cingula and similar cusp arrangement. Lyne and 
Mort (1981) found that in/. obesulus the palatal vacuities were generally level with P3 
where as in /. macrourus they were positioned further back level with M1. From the 
incomplete palatal area on specimen 088050401 the position of the anterior edge of the 
palatal vacuity is well forward level with the P3• 
Table 3.11 shows the dimensions of the Monaro fossil specimens and those of modem 
samples of I. obesulus and/. macrourus. Samples from Freedman and Rightmire ( 1971) 
are included for comparison. Sexual dimorphism was observed by Freedman and 
Rightmire (1971) within/. macrourus from their eastern Australian sample. They did not 
have a sexed sample of I. obesulus. Lyne and Mort (1981), however, did observe sexual 
dimorphism in skull characters in/. obesulus. 
The tooth dimension of the modem samples (Table 3.11) measured in this study and 
those measured by Freedman and Rightmire (1971) show an overall size difference 
between the two species, with/. ma.crourus being the larger of the two species. Lyne and 
Mort (1981) also observed the size difference between the two species using skull 
dimensions. Student T-tests comparing the samples of I. obesulus and /. macrourus 
show that for most dimensions (14 out of 19) there is a significant difference in size (p < 
0.05). The Monaro fossils are within the size ranges observed for most I. obesulus 
dimensions and outside those for/. macrourus. 
I. obesulus is the only species of Isoodon to have occurred in historical times in the 
southeastern region of New South Wales, recorded in 1969 and 1970 (Gordon and 
Hulbert, 1989; Ashby et al., 1990). It is thus not surprising to find it in the northern 
Monaro fossil deposits. It is common in other subfossil deposits in the southeastern 
region such as at Marble Arch (Hall, 1975) and Yarrangobilly Caves (Hope, MS. nd). 
The larger species, /. ma.crourus, occurs in northern and eastern Australia and extends as 
far south as the Hawkesbury River near Sydney where there is a small zone of overlap 
with/. obesulus. I. ma.crourus does not occur further south than Sydney (Ashby et al., 
1990), but, it has been recorded in Pleistocene fossil deposits at Wombeyan Quarry and 
Caves (Hope, 1982a). 
On the basis of the morphological comparisons and distributional data the Monaro 
specimens are considered to be/. obesulus, rather than/. macrourus, the main reasons 
being the position of palatal vacuities, the overall smaller tooth dimensions, and the past 
and present distributions; I. ma.crourus has not been recorded in the Monaro while/. 
obesulus was present until recently. 
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Monaro Fossils Comparative Modern Material 
08805 048702 I. obesu/us I. macrourus data from Freedman 
0401 & Rightmire (1971) 
N Range Mean N Range Mean CV M* M** M••• 
Upper 
M1L 3.7 - 3 3.5 - 3.6 3.6 17 3.6-4.4 4.0 5.0 3.22 3.84 3.76 
AW 2.3 - 3 2.5 - 2.6 2.5 17 2.6-3.5 3.0 8.0 2.83 3.67 3.67 
PW 2.9 - 3 2.9- 3.0 3.0 17 2.9-4.1 3.4 8.6 
M2L 3.7 - 3 3.5 - 3.6 3.5 17 3.8-4.5 4.1 4.9 3.37 3.95 3.90 
AW 3.1 3 3.1 - 3.3 3.2 17 3.1-4.0 3.5 7.4 3.27 4.38 4.07 
PW 3.4 - 3 3.4- 3.4 3.4 17 3.5-4.6 3.9 7.5 
Lower 
P1L 2.6 3 2.2- 2.5 2.4 2 3.0- 3.2 3.1 2.43 2.73 2.70 
w 1. 1 3 1.0 - 1.1 1.0 2 1.1-1.2 1.1 0.91 1.04 1.02 
P3L 2.8 3 2.5- 2.8 2.7 2 3.2-3.3 3.3 2.67 2.94 2.90 
w 1.6 3 1.1 - 1.2 1.2 2 1.3-1.5 1.4 1.10 1.35 1.36 
M1L 3.3 3 3.2 - 3.5 3.3 16 3.2-4.4 3.6 8.2 3.10 3.56 3.46 
AW - 1.8 3 1.8 - 2.0 1.9 16 2.0-2.8 2.2 8.9 1.81 2.33 2.32 
PW - 2.1 3 2.2- 2.5 2.3 16 2.3-3.1 2.6 8.1 2.21 2.76 2.74 
M2L 4.0 3 3.6- 3.6 3.6 16 3.5-4.4 3.8 5.4 3.10 3.99 3.95 
AW - 2.3 3 2.0- 2.3 2.2 16 2.3-3.1 2.6 8.1 2.23 2.92 2.83 
PW - 2.5 3 2.4-2.5 2.4 16 2.7 - 3.6 3.1 8.4 2.57 3.49 3.21 
M3L 3.9 3 3.6-3.9 3.7 15 4.0-4.8 4.2 5.3 3.57 4.16 4.28 
AW - 2.5 3 2.3- 2.5 2.4 15 2.5-3.3 2.9 8.5 2.38 3.18 3.00 
PW - 2.5 3 2.6- 2.6 2.6 15 2.7-3.5 3.2 7.0 2.55 3.44 3.03 
M* =mean of mixed sex sample of/. obesulus (Freedman & Rightmire, 1971) 
M** =mean of male sample of/. macrourus (Freedman & Richtmire, 1971, tables 2 & 3) 
M*** =mean of female sample of/. macrourus (Freedman & Richtmire, 1971, tables 2 & 3) 
Table 3.11. Comparisons of dimensions (mm) of upper and lower dentitions of the Monaro 
fossils (088050401 and 048702) with modern specimens of lsoodon obesulus and lsoodon 
macrourus. Statistical summaries of data from Freedman and Richtmire (1971) are included. See 
Table 3.2 for statistical abbreviations. 
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Family Peramelidae (Gray, 1825) 
3.3.6. Perameles gunnii Gray, 1938 
Introduction 
P. gunnii is represented by three specimens from a Holocene unit at Pilot Creek. A fourth 
specimen, a molar from Bunyan Siding, is tentatively referred to P. gunnii. 
The occurrence of P. gunnii in the northern Monaro region is a considerable geographical 
range extension for this species, which in historical times is known only from Tasmania, 
southwestern Victoria and southeastern South Australia (see Figure 3.2). Today it is 
abundant in Tasmania and as a small population in southwestern Victoria (see 
discussion). 
Material 
D48733, right maxillary fragment, Pilot Creek, Poplars Site, (Plate 3.2, figs 5a, 5b ). 
D48724.2, left mandibular ramus with P1, P3, M4, missing P4 -M3, Pilot Creek, Poplars 
Site. 
D48746, right mandibular ramus with P1 - M3, missing M4, Pilot Creek, Poplars Site. 
Probably D90122801, isolated right upper molar, M3, Bunyan Siding, Jilliby 
Formation. 
Description and Identification 
From the detailed anatomical analyses by Freedman (1967), and Freedman and Joffe 
(1967a, b), and from fossil studies by Smith (1972), Bartholomai (1975) and Lundelius 
and Turnbull (1981), several characters are now known which are useful in separating 
the species P. gunnii, P. nasuta Geoffroy, and P. bougainville Quoy & Gaimard. The 
characters which I have used to identify the northern Monaro fossil material are as 
follows: 
- the presence of mid-palatal foramina, (present in P. gunnii and P. bougainville, absent 
in P. nasuta ); 
- size of post-palatal foramina (P. gunnii larger, P. nasuta smaller); 
- upper M3 length (P. gunnii range 3.5 - 3.7, P. nasuta range 4.1 - 4.9); 
- anteroposterior width of the coronoid process (P. gunnii width narrower, P. nasuta 
width broader); 
- angle of the tip of the coronoid process (P. gunnii the tip is more posterior, P. nasuta 
the tip is less posterior); and 
- lower M4 length (P. gunnii range 3.6 - 3.8, P. nasuta range 4.0 - 5.0). 
Other characters of ten used for separating the species such as skull dimensions and 
morphology, size of alisphenoid bullae and pelage colour are not preserved in the 
Monaro fossil sample. 
The dimensions of the northern Monaro specimens are shown in Tables 3.12 and 3.13. 
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Upper dentitions 
The right maxillary fragment, 048733, has sufficient of the palate preserved to 
distinguish two palatal vacuities, a large posterior foramen and a smaller mid-palatal 
foramen level with the premolar region (Plate 3.2, figs 5ab). The mid-palatal foramina 
are unique to P. gunnii and P. bougainville, and do not occur in P. nasuta. The 
specimen, is distinguished from P. bougainville by being larger in all dimensions (Table 
3.12; Freedman and Joffe, 1967b, table 7A) and being more heavily ossified. Although 
edentulate, 048733 is distinguishable from Isoodon spp. by the square shape of the 
alveolus. 
The isolated upper right molar, 048732 from Pilot Creek is referred to P. nasuta. It is 
considered to be M3 and not M1 or M2 because of the position of the stylar cusps and the 
size of the metaconule. The stylar shelf in M1 and M2 is nearly straight, in M3 it indents 
forming a 'V' shape. M3 also has a much reduced metaconule, so much so that the 
lingual groove between the metaconule and the protocone is lost. The upper M3 is within 
the size range of P. nasuta and has similar proportions and morphology to a modem 
sample of P. nasuta (Table 3.12; and Bartholomai, 1975, table 4). It is distinguished 
from P. gunnii by being considerably larger and having a broader talon. 
The maxillary fragment, 048783 (Plate 3.2, fig. 3), from T-Site at Pilot Creek is referred 
to P. nasuta. It lacks a mid-palatal foramen distinguishing it from P. gunnii and P. 
bougainville. It has large molars with all dimensions well within the range of P. nasuta 
(Tables 3.12, and see Bartholomai, 1975, table 3). The length of M3 is significantly 
larger than that of a sample of P. gunnii. 
The isolated upper right molar, 090122801 from Bunyan Siding is tentatively referred to 
P. gunnii. Specimen 090122801 is a small unworn tooth with a short metacrista, and 
equal molar length and anterior width (Table 3.12). It has the form of both P. gunnii and 
P. nasuta but differs from P. nasuta in size, being significantly smaller (M3L = 3.5 mm) 
than samples of modem P. nasuta (Table 3.12; and see Freedman and Joffe, 1967a, table 
3A). The dimensions are not significantly different from a modem sample of P. gunnii 
(see Table 3.12) with length being within the observed range but width being slightly 
smaller. Because size is the only feature separating the isolated M3 (090122801) from P. 
nasuta and there is no other material from that site to support the identification it is only 
tentatively identified as P. gunnii. 
Lower dentitions 
The two rami, 048724.2 and 048746, are indistinguishable from a sample of modem P. 
gunnii in both size and morphology. Both specimens are narrow anteroposteriorly across 
the coronoid process, as distinct from the broader coronoid process of P. nasuta. In 
addition, the tip of the coronoid projects posteriorly, as in modem samples of P. gunnii. 
In P. nasuta the tip is only slightly projected posteriorly. Freedman and Joffe (1967a, b) 
also found that the two characters, width of coronoid process and angle of tip, 
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consistently distinguished the two species. The two rami are distinct from a sample of P. 
bougainville from southern Australia which has shorter molars, narrower mandible, 
shorter length of the ascending ramus, and shorter length of the molar tooth row (see 
Smith, 1972, table 5). A sample of P. bougainville from New South Wales (previously 
known as P.fasciata Gray, see Mahoney and Ride, 1988) was unavailable for study, but 
according to Tate ( 1948) is not expected to differ significantly in size from other races of 
P. bougainville. 
During analyses of peramelid material for this study a collection from Wellington Caves 
was located in the Australian Museum, Sydney, which contained specimens labelled 
'Perameles sp.' but which are considered here to be referrable to P. gunnii, P. nasuta and 
I. obesulus. The material comprised two boxes: AMF57918 of approximately 100 
mandibles; and AMF57919 of 10 maxillary fragments and many isolated bandicoot teeth. 
A nearly complete skull (see Plate 3.2, fig. 4) and two other maxillary fragments have the 
mid-palatal vacuities of P. gunnii, and are much larger than P. bougainville. Some of the 
mandibles have the narrow anteroposterior width across the coronoid and small size 
typical of P. gunnii. 
Discussion 
The identification of P. gunnii in the Monaro fossil sites is supported by its fossil 
distribution and preferred habitat, and to a lesser extent by its present distribution (Figure 
3.2). It currently occurs on the basalt plains in southwestern Victoria near Hamilton 
(Browrt, 1987; Seebeck et al., 1990; Menkhorst and Seebeck, 1990) and is abundant in 
Tasmania (Hocking, 1990). The fossil record of P. gunnii shows a broader distribution 
(George et al., 1990), including occurrences at Victoria Cave (Smith, 1972) and 
Henschke Fossil Cave (Pledge, 1991) in South Australia and on the Bass Strait Islands 
near Tasmania (Bowdler, 1984; Hope, 1973). An occurrence in Holocene deposits from 
Lake Victoria in southwestern New South Wales (NMV P28853) was recorded by 
Marshall (1972, 1973), while Hope (1972) suggests P. gunnii may occur in deposits 
from Lake Mungo. The species has been identified elsewhere in New South Wales at 
Wellington Caves (this study) and at Tuglow Caves near Oberon (Ride, W.D.L. pers 
comm., 1994). 
The habitat preferences of P. gunnii are for grassland and savannah woodland often on 
basalt plains in areas of low rainfall (Seebeck, 1979; Seebeck et al., 1990), all features 
present in the Monaro region throughout the Holocene (see Chapters 2). Today, the 
Victorian populations occur on the basalt plains dominated by tussock grasslands of 
Wallaby grasses (Danthonia spp.), Spear grasses (Stipa spp.), Tussock Grass (Poa 
labillardierz), and Kangaroo Grass (Themeda triandra) with clay soils and mean annual 
rainfall of 690-800 mm (Seebeck, 1979; Brown, 1987; Menkhorst and Seebeck, 1990; 
Dufty, 1994). The South Australian populations occurred in areas of low rainfall (500 
mm pa) on sandy soils in woodland, banksia and mallee shrubland (Kemper, 1990), 
probably utilising grassy areas within the scrub and woodland (Seebeck et al., 1990). In 
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Tasmania they also prefer the more open grassland and woodlands or open forest with a 
grassy understorey (Hocking, 1990). In Chapter 7 the implications of P. gunnii and P. 
nasuta occurring together in fossil assemblages and issues of disharmonious assemblages 
(Lundelius, 1989) are discussed. 
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Figure 3.2. Fossil and modern distribution of Perameles gunnii. 
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Monaro Fossils Modern Comparative Samples ; ~ 
P. nasuta P. nasuta P.gunnll P. gunnii Perameles nasuta Perame/ea gunnll l 
048732 048783 048733 090122801 N Range Mean so CV N Range Mean SD CV I 
' 
M1 L - - 40* - 10 3.7-4.5 4.03 0.28 7.02 6 4.4-4.8 4.60 0.14 3.07 l 
AW - - - - 8 2.3-3.2 2.86 0.35 12.23 6 2.7-3.3 3.00 0.20 6.84 l 
M2 L - 4.1 3.8* - 10 3.6-4.4 3.98 0.20 5.14 6 3.7-4.0 3.90 0.12 3.13 I 
AW - 3.4 - - 8 3.8-4.1 3.94 0.12 3.02 6 3.3-3.8 3.46 0.17 5.05 
M3 I L 4.1 4.2 - 3.5 10 4.1-4.9 4.32 0.24 5.43 5 3.5-3.7 3.60 0.10 2.n ! AW 3.7 4.1 - 3.5 8 3.8-4.1 3.94 0.12 3.02 5 3.7-4.2 3.90 0.20 5.13 
I 
' M4 L 
-
3.3 - - 9 3.1 -3.8 3.51 0.28 7.98 5 2.8-3.3 3.06 0.20 6.37 ' 
AW - 3.9 - - 7 3.6-4.4 3.96 0.28 7.12 5 3.6-4.2 3.92 0.23 5.82 i ~ 
' * = measurement taken from alveolus ' 
Table 3.12. Dimensions (mm) of upper teeth of the Monaro fossils and modern specimens of P. nasuta (from New South Wales) and P. gunnii (from 
~ Tasmania) . 
Monaro Fossils Modern Comparative Sample 
P. gunnii P. gunnii Perame/es nasuta Perameles gunnli 
048724.2 048746 N Ranqe Mean SD CV N Ranqe Mean SD CV 
M1 L 3.5* 4.0 8 3.2-3.7 3.47 0.16 4.55 6 3.4-3.9 3.65 0.07 4.82 
AW - 2.3 8 1.9-2.2 2.04 0.11 5.21 5 1.9-2.1 2.00 0.10 5.0 
M7 L 4.3* 4.1 8 3.5-4.1 3.74 0.21 5.71 6 3.5-4.1 3.83 0.27 7.13 
AW - 2.5 8 2.1-2.4 2.26 0.09 4.05 5 2.2-2.4 2.32 0.08 3.61 
M3 L 3.9* 4.2 8 3.6-4.2 3.85 0.23 6.05 7 3.5-4.1 3.80 0.19 5.04 
AW - 2.6 8 2.2-2.5 2.39 0.11 4.72 6 2.2-2.5 2.40 0.13 5.27 
M4 L 4.0 4.2* 8 4.0-5.0 4.30 0.14 9.39 7 3.6-3.8 3.73 0.08 2.03 
AW 2.3 - 8 2.1-2.4 2.19 0.11 5.15 6 2.0-2.2 2.05 0.08 4.81 
M1-4 L 19.6 17.0 8 14.9-17.1 15.64 0.74 4.74 7 1.5-1 .6 1.55 0.07 4.56 
* = measurement taken from alveolus 
Table 3.13. Dimensions (mm) of lower teeth of the Monaro specime ns and modern specimens of P. nasuta (from New South Wales) and P. gunnii (from 
Tasmania) . 
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Family Peramelidae (Gray, 1825) 
3.3.7. Perameles nasuta Geoffroy, 1804 
Introduction 
P. nasuta is represented by two specimens from Pilot Creek, one from the Poplars Site 
and the other from T-site at Pilot Creek. Six other specimens from the Poplars Site 
identified to generic level are too incomplete to be assigned reliably to a species and are 
thus referred to as Perameles sp. indet. A lower molar from the Jilliby Formation is also 
referred to as Perameles sp. indet 
Historical records indicate that P. nasuta (eg. CM15501 collected 1974, Nadgee National 
Park, near Canberra) has been in the northern Monaro region recently. It also occurs in 
fossil deposits in the region at Y arrangobilly Caves (Hope, MS. nd), Marble Arch (Hall, 
1975), Wombeyan Caves (Hope, 1982a) and Mt Fairy (Willis, 1993). Therefore, it is 
not unexpected to find P. nasuta in the Holocene deposits (Poplars Site and T-Site) at 
Pilot Creek. 
Material 
Perameles nasuta 
048732, isolated right upper molar, M3, Pilot Creek, Poplars Site. 
048783, fragment ofleft maxilla with M24, Pilot Creek, T-Site (Plate 3.2, fig. 3). 
Perameles sp. indet 
048724.1, right mandibular ramus in two fragments with P1, Pilot Creek, Poplars Site. 
048724.3 and .5, right maxillary fragment with M1 and M2, missing M3 and M4, Pilot 
Creek, Poplars Site. 
048739, left mandibular ramus, Pilot Creek, Poplars Site. 
048760, left mandibular ramus with P14, M1 ,Pilot Creek, Poplars Site. 
0487 62.2, right mandibular ramus, Pilot Creek, Poplars Site. 
048836, left M2 in mandibular fragment, Pilot Creek, Poplars Site. 
090112917, lower right M2, Bunyan Siding, Jilliby Formation. 
Description and Identification 
For the description and identification of the species assigned to Perameles nasuta see 
Section 3.3.6. P. gunnii. 
The remaining peramelid specimens from the northern Monaro sites are fragments that 
are not identifiable to species level and consequently are referred to as Perameles sp. 
indet. They are distinguished from Isoodon spp. by either the angle of the ascending 
ramus, their size, or the morphology of the teeth if present. 
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Family Diprotodontidae Owen, 1866 
3.3.8. Diprotodon spp. 
Introduction 
Specimens referred to the genus Diprotodon are recognised in the local faunas from Pilot 
Creek, South Bunyan, Ryries Creek, Bunyan Siding, and from an unknown locality 
cited as 'Cooma Creek near Bunyan' (Australian Museum Cainozoic Vertebrate Locality 
Index). 
Currently, because of the wide variation in Diprotodon it is not possible to allocate these 
specimens to either D. optatum Owen or D. minor Huxley (following the classification 
accepted by Marcus, 1976 and Murray, 1991). Variation in Diprotodon is currently 
poorly understood (for example see Williams, 1983; Marcus, 1976; Murray, 1991) and 
this has led to taxonomic uncertainty of species boundaries. 
Material 
048810, left lower incisor, Pilot Creek, Pilot Creek Formation, (Plate 3.3, fig. 1). 
048939, incomplete molar, South Bunyan, (Plate 3.3, fig. 2). 
092122602, molar tooth fragment, upper M4, Bunyan Siding, Jilliby Formation, (Plate 
3.3, fig. 3) 
093012901, shaft of right femur, Ryries Creek. 
AMF29629, part ofleft mandibular ramus with upper M34 , Cooma Ci'eek near Bunyan. 
AMF29630, right lower incisor, Cooma Creek near Bunyan. 
AMF29631, left lower incisor, Cooma Creek near Bunyan. 
Description and Identity 
Dimensions of all specimens are shown in Table 3.14. 
Molars 
Specimen AMF29629, a left mandible from Cooma Creek, is most similar in 
morphology and dimensions (Table 3.14) to specimens of D. optatum ineluding the large 
fossil sample examined from Bingara and described by Marcus (1976). Specimen 
AMF29629 has large high crowned molars, with lophids curving toward the posterior. 
The molars are partly worn and have crenulated ornamentation on all sides of the lophids. 
The posterior cingula are low, extending across the width of the lophids, and are slightly 
peaked in the midline. The anterior cingula are compressed against the adjacent molar. 
The Bunyan Siding specimen, 092122602, is an enamel fragment with part of the root 
preserved (Plate 3.3, fig. 3). From comparisons with complete molars it is tentatively 
identified as part of the posterior loph of an upper M4• It is lacking a wear facet on the 
surface of the cingulum where it would be compressed against another molar were it not 
an M4• The tooth has a wide posterior cingulum which extends almost to the edge of the 
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loph. The cingulum is relatively even across the loph with no indentations or peaks. The 
tooth also has punctate ornamentation on the loph surface similar to specimen D48939 
and other specimens of Diprotodon. It is most similar to AMF86945, a specimen of D. 
optatum. D92122602 differs from Nototherium (eg. AMF2852) which has a lower loph 
height and lower cingulum height, smooth ornamentation and curved lophs. 
Specimen D48939 from South Bunyan is a large molar in poor condition, having lost all 
dentine with only enamel fragments remaining (Plate 3.3, fig. 2). It is tentatively 
identified as Diprotodon sp. being distinguished from other diprotodontids by the 
crenulated ornamentation of the enamel, molar morphology, and its large size. When 
compared with specimens of D. optatum (eg. AMF 86945), the surface ornamentation is 
indistinguishable from them, being crenulated on both anterior and posterior loph 
surfaces. The gross morphology of the tooth is similar to molars of D. optatum. The 
recognition of the tooth being an upper or lower molar is uncertain as it is too small a 
fragment. 
Lower Incisors 
The Pilot Creek specimen D48810, is a truncated left lower incisor missing part of the 
distal tip. It is long and slightly curved, and has flattened lateral sides (Plate 3.3, fig.1). 
The tooth has lost most of the outer enamel surface. When compared with other lower 
incisors of D. optatum (e.g. AMF86359, AMF86488, AMF86719 from Bingara) it is 
similar in morphology. The dimensions differ slightly but are well within· the wide range 
of variation of a larger sample cited asD. optatum from Bingara (see Marcus, 1976, table 
36). Large variation in incisor length, width and depth is due in part to these dimensions 
being age related as the incisor is an evergrowing tooth, thus making the incisor 
dimensions difficult criteria to use for separating species. 
The other lower incisors, AMF29630 and AMF29631 from Cooma Creek, are similar in 
curvature to D48810 but differ by having flatter lateral sides. They have shallow 
longitudinal grooves on the upper lingual sides and middle buccal sides and most of the 
' 
enamel surface preserved, showing a crenulated surface. AMF29631 is a long and 
narrow specimen with a complete tip while AMF29630 is missing much of the distal end. 
It is unknown if these two incisors are from the same individual or associated with the 
mandible AMF29629 collected from the same locality. The complete incisor AMF29630 
has a long and slender tip which suggests it may belong to the smaller form D. minor. 
Postcranials 
The bone D93013001 is the shaft of a right femur missing both proximal and distal ends. 
It is tentatively assigned to Diprotodon sp. Although only the central part of the original 
bone is preserved, when compared with a complete right femur of D. optatum, AMF 
80036 from Tambar Springs in central New South Wales, the Ryries Creek specimen is 
indistinguishable in mor!Jhology and relative dimensions. Furthermore, comparisons 
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between the specimen and an illustration by Owen (1870, pl. 49, fig. 1) of a femur of D. 
optatum from Wellington Caves show the two specimens have very similar morphology. 
Provenance 
Of the specimens referred to as Diprotodon spp. it is possible that all but the Bunyan 
Siding material may have been reworked from an older deposit (see Chapter 7.3.1). 
Northern Monaro Fossils of Diprotodon spp. 
092122602 048939 AMF29629 048810 AMF29630 AMF29631 093013001 
Molars 
width 
height 
M3 L 
AW 
PW 
M4 L 
AW 
PW 
26.8* 39.4* 
37.6* 41.6* 
Lower incisors 
Proximal depth -
width -
Length 
Shaft of femur 
length 
-. 
proximal width 
distal width 
maximum depth -
* dimension of incomplete element only 
\ 
55.1 
35.1 
36.5 
57.9 
40.0 
38.4 
46.3 
35.8 
190* 
43.0 
34.2 
203* 
39.4 
33.3 
125* 
310* 
120* 
230* 
65* 
Table 3.14. Dimensions (mm) of the northern Monaro specimens of Diprotodon spp. 
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Family Diprotodontidae Owen, 1866 
3.3.9. cf. Zygomaturus trilobus Macleay, 1858 
Introduction 
A mandible from the Jilliby Formation at Bunyan Siding is identified as possibly being Z. 
trilobus. An edentulous specimen from 'Cooma Creek' is also tentatively identified as Z. 
trilobus. Z. trilobus has been recorded from only one other locality in the Southern 
Tablelands region, at Wombeyan Quarry (Hope, 1982a). 
It is recognised that the name Zygomaturus trilobus may be synonymous with a species 
of Nototherium. A revision is awaited (Mackness, 1993, 1995). 
Material 
D48918, right mandibular ramus with M3-~, and alveolus ofM2, Bunyan Siding, Jilliby 
Formation, (Plate 3.3, figs 4a, 4b). 
AMF29632, left mandibular ramus, edentulous, Cooma Creek near Bunyan. 
Description and Identity 
- The Bunyan Siding specimen (Plate 3.3) has two complete molars set in a ramus, small 
relative to those of Diprotodon sp. The mandible lacks the coronoid process and is 
truncated immediately anterior to M 3 . . There is a large digastric process and digastric 
fossa on the lingual side and a wide (7.7 mm) mandibular foramen on the dorsal surface 
at the base of the missing coronoid process. 
The molars on D48918 are low crowned and have smooth enamel surfaces with the 
exception of some post-depositional surface etching by plant roots. The lophids are 
slightly oblique to the midline of the tooth row, are parallel to each other, and are very 
slightly convexly curved posteriorly. The anterior cingulum extents the full width of the 
lophid and is na.TI-ow. The posterior cingulum is thicker but much narrower from side to 
side. There are very small lateral cingula which cross both sides of the interlophid valley. 
The midlink is very low and comprises the hypocristid which forms a rounded ridge 
running from the hypoconid obliquely toward the midline. The protolophid is wider than 
the hypolophid on both M3 and more so on~· 
When compared with specimens of zygomaturines and diprotodontines D48918 has 
features consistent with both taxa. Unfortunately it lacks the premolar which clearly 
distinguishes the two subfamilies. It is most similar to specimens and descriptions of Z. 
trilobus given by Marcus (1976), in particular to specimen MCZ17715 (Marcus, 1976, 
fig 55). Molar dimensions (Table 3 .15) are also similar, but smaller than those given by 
Marcus (1976) for a sample of Z. trilobus from Bingara. 
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When compared with a large sample of diprotodontid specimens in the collections of the 
Queensland Museum and the Australian Museum, D48918 is most similar to specimens 
QMF12489, QMF12484, and QMFP338 all from the Darling Downs. All four specimens 
have smooth enamel surfaces, similar sized molars (see Table 3.16), narrow posterior 
cingula, same form and position of hypocristid, and same molar loph height and 
curvature. However, as is the case with the Bingara series, D48918 differs from all of 
these specimens by being considerably smaller. The specirilen is not a juvenile as~ is 
fully erupted and crowns are worn. There are also slight differences in the position and 
size of the mandibular foramen and morphology of the post-alveolar shelf. Similarities 
with Nototherium watutense Anderson (AMF41443) from New Guinea include same 
anterior and posterior cingular shape and same lophid morphology and molar size. This 
species is also under review (see Flannery, 1994b; Mackness, 1995). 
Mackness, B. (pers. comm. 1995) who is currently reviewing the Diprotodontididae has 
examined the specimen, D48918, and identified it as Z. trilobus. 
The other specimen of similar size·and shape as D48918 from the northern Monaro, 
AMF29632, is a small ramus, presented to the Australian Museum, Sydney in 1931 and 
labelled N ototherium. The molars are broken off flush with the mandibular surf ace, with 
only the roots of M2_4 preserved an_d the root of the lower incisor just exposed in the 
alveolus. It is missing much of the posterior ventral surface of the ramus as well as the 
coronoid process. The symphysial !egion is preserved and shows that the angle between 
the rami is very wide, wider than other Zygomaturine/Nototherium specimens (e.g. 
AMF5030 labelled N. mitchelli). As in the case of D48918, the specimen is tentatively 
identified as Z. trilobus pending revision of the group. 
048918 QMF12489 QMF12484 
L 40.9 
' 
41.8 43 .1 
AW . 29.0 31.5 32.3 
PW 28.7 30.1 
L 42.7 46.4 45.1 
AW 32.4 32.6 
PW 28.7 27.5 29.9 
ant. · clng. broad broad broad 
post. clng. narrow narrow narrow 
lophld wear moderate moderate moderate 
ornament smooth smooth smooth 
lophld angles sl. oblique sl. oblique sl. oblique 
lophld height 17.9 18.1 -18 
QMP338 
44.3 
33.1 
30.6 
broad 
narrow 
well worn 
smooth 
sl. oblique 
ramus width 57 62 67 55 
Blngara* 
Ran e 
42.5 - 46.9 
31.0-31.6 
29.5 - 32.4 
45.6 - 49 
33.3 - 35.0 
31.8 - 32.0 
ram us depth** 60 102 83 99 84 - 96 
* Range data from Marcus (1976, table 39. N -~ 2 to 4); **ramus depth from the middle of M4. sl =slight. 
Table 3.15. Comparisons of dimensions (mm) and characters of cf. Zygomaturus trilobus from 
Bunyan Siding (048918) with comparative material. 
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Family Thylacoleonidae Gill, 1872 
3.3.10. Thylacoleo carnifex Owen, 1858 
Introduction 
A single upper third incisor from Pilot Creek has been identified as T. carnifex. T. 
carnifex is represented in six other deposits in the region; at Jincumbilly, Wombeyan 
Quarry (Hope, 1982a), Cunningham Creek, Wee Jasper Caves area, Limekilns and 
Yarrangobilly Caves (Hope, MS. nd) and is found in many of the Pleistocene localities 
throughout eastern Australia. 
Material 
048799, upper third incisor, Pilot Creek, Alex's Wall Site, (Plate 3.4, fig. lb). 
Description and Identity 
Specimen 048799 is a worn enamel crown, missing most of the large curved single root. 
It is subrectangular with a well-developed median enamel ridge running from the central 
cusp down the buccal face of the tooth. On each side of the median ridge are small 
rounded enamel flanges. The lingual surf ace of the tooth is all but enamel free. In cross 
section the tooth has a small oval pulp canal implying it is from a single tooth and not part 
of a larger tooth. 
The overall tooth morphology and size of 048799 are very similar to AMF53482, an 
upper third incisor of T. carnifex from Wellington Caves (Plate 3.4, fig. la). Both 
specimens have a distinctive wear facet extending from the central cusp posteriorly. 
Furthermore, both specimens have many macroscopic and microscopic abrasion striae in 
multiple directions on the enamel surface similar to those shown by Wells et al. (1982) to 
be on teeth of T. carnif ex. 
The Pilot Creek specimen of T. carnifex (048799) was incorrectly identified in Ride et 
al. (1989, p. 96) as '?Zygomaturus trilobus Macleay - anterior cusp of upper P4'. 
The dimensions of 048799 are: 
maximum width = 9.8 mm; and 
maximum crown length = 14.4 mm. 
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Family Vombatidae Burnett, 1830 
3.3.11. Vombatus ursinus (Shaw, 1800) 
Introduction 
Specimens of V. ursinus have been collected from various localities of different ages 
throughout the Pilot Creek valley and from Bunyan Siding. 
Fossil V. ursinus have been recorded in several Pleistocene and Holocene deposits in the 
Southern Tablelands including Yarrangobilly Caves (Hope MS. nd), Wombeyan Quarry 
(Hope, 1982a), Rosebrook Caves, Wee Jasper Caves area and Mt Fairy (Hope MS. nd; 
Willis, 1993). 
The taxonomic arrangement proposed by Dawson (1983a) for the smaller forms of 
V ombatidae has been followed here, recognising two extant genera, Vombatus Geoffroy 
and Lasiorhinus Gray, and a third extinct genus, Warendja Hope & Wilkinson. Within 
Vombatus there is one extant species V. ursinus and one fossil species V. hacketti 
(Glauert). 
Today wombats are common in the Monaro region living along the Murrumbidgee River 
and its tributaries near both Pilot Creek and Bunyan Siding localities and have a wide 
distribution throughout southeastern Australia and Tasmania (Triggs, 1988; Wells, 
1989). 
Material 
Pilot Creek 
D48711, left mandibular fragment with 11 and M1, Pilot Creek, Poplars Site. 
D48824, right maxillary fragments with M1-3, incisor and molar fragments, Pilot Creek, 
East Elderberry Site. 
D48827, skull with left incisor, M 24, and right incisor, P3 and M2, Pilot Creek, Poplars 
Site. 
D48833, part of pelvis, Pilot Creek, near Poplars Site. 
D48843, upper left and right I1-M4, Pilot Creek, West Elderberry Site. 
D90041601, molar, Pilot Creek, Acacia Site. 
D90081804, right maxilla with P3 -M4, juvenile, Pilot Creek, Poplars Site. 
D91090102, posterior half of right mandibular ramus with part M2, complete M34, Pilot 
Creek. 
D92101001, left mandibularramus with M1-M4, Pilot Creek, Mud Slide Site. 
D93032101, upper left and right cheek teeth, Pilot Creek, Alex's Wall Site. 
Bunyan Siding 
D48934, half of molar, Bunyan Siding, Jilliby Formation. 
D48944, right upper incisor, Bunyan Siding, Jilliby Formation. 
68 
Chapter 3: Taxonomy o(Faunal Assemblages 
D90082802, molar, Bunyan Siding, Jilliby Formation. 
D90121710, molar fragment, Bunyan Siding, Jilli by Formation. 
D90122803, molar fragment, Bunyan Siding, Jilliby Formation. 
D91011208, molar fragment, Bunyan Siding, Jilliby Formation. 
D91022303, molar fragment, Bunyan Siding, Jilliby Formation. 
D91022314, incomplete articulated skull and postcranials, Bunyan Siding, Nestle Brae 
Formation (Plate 3.4, figs 2a, 2b). 
D91022315, molar fragment, Bunyan Siding, Jilliby Formation. 
091103001, molar fragment, Bunyan Siding, Jilliby Formation. 
D93022801, molar, Bunyan Siding, Nestle Brae Formation. 
D93041206, left upper incisor, Bunyan Siding, Jilliby Formation. 
D94122501, molar, Bunyan Siding, Jilliby Formation. 
· Description and Identity 
The taxonomy of the smaller forms of Vombatidae is complicated (for example see Tate, 
1951; Merrilees, 1967; Stephenson, 1967; Wilkinson, 1978; Dawson, 1983a; Wells, 
1989) due partly to high intraspecific variability. Identifications are thus often difficult 
due to the sparsity of diagnostic characters on fragmentary fossils. 
The fossil material from the northern Monaro region has been compared with a sample of 
modem skulls of V. ursinus from the Pilot Creek area, with samples held at CSIRO, 
Canberra, and with fossil material of various species of vombatids held in the Australian 
Museum, Sydney and Prehistory collection at the Australian National University. 
Most of the specimens are isolated teeth and fragments of mandibles and maxillae, with 
the exception of one incomplete but articulated skeleton from Bunyan Siding found 
within a fossil burrow (see section 5.7.2.). 
All specimens referred to V. ursinus have molars which are bilobed, open-rooted, curved 
and continuously growing, all features unique to the vombatids among diprotodont 
marsupials. In addition, some specimens have preserved the upper and lower incisors 
and premolars which are also curved and continuously growing and quite distinctivly 
vombatiform. 
Although tooth size is highly variable with age as a result of the continuously growing 
nature of the teeth, tooth size can be useful in conjunction with morphology, in 
discriminating the smaller species of wombat such as Vombatus spp. and Lasiorhinus 
spp. from the larger forms such as Phasco/onus gigas Owen (see Dawson, 1981, 
1983b). All toothed specimens from the northern Monaro (Table 3.16) are smaller than 
comparative fossil material examined and smaller than dimensions given by Marcus 
( 197 6) and Dawson ( 1981) for the larger forms, and are within the range observed for V. 
ursinus. The only exception is specimen D90112801 from Bunyan Siding which is 
unusually small (see section 3.3.12 and Table 3.16). 
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From descriptions of the fossil species, Warendja wakefieldi by Hope and Wilkinson 
(1982) and Flannery and Pledge (1987) the northern Monaro material is distinct from that 
taxon which, among other features, has straighter and less-bilobed molars. 
The two skulls, D48827 from Pilot Creek and D91022314 from Bunyan Siding, have 
several morphological features which are specific to Vombatus spp. and enable 
discrimination from Lasiorhinus spp. Using the criteria established by Dawson (1983a, 
table 1) Vombatus spp. have narrower nasal bones, upper premolars with anterolingual 
grooves, a narrow palate between the posterior lobe of upper M2 's, a narrow 
premaxillary palate and unique nasal/ premaxillary sutural pattern. The wear angle on the 
upper incisors used by Dawson (1983a) to distinguish Vombatus from Lasiorhinus is 
difficult to ascertain on the Bunyan Siding specimen, D91022314, which has an uneven, 
stepped wear facet with a long anterior edge (Plate 3.4, fig. 2a). This stepped wear facet 
is considered to be produced by the animal having an unusually short mandible and is 
interpreted as an abnormality and not a taxonomic feature although no similar specimens 
have been located in any other collections. 
Maxillary specimens referred to V. ursinus have less characters preserved than the skull 
specimens, but do have one or more of the characters listed by Dawson (1983a, table 1) 
specific to Vombatus spp. and distinct from Lasiorhinus spp. Mandibular specimens also 
have several characters unique to Vombatus spp. including V-shaped interloph valleys on 
molars, triangular cross sectional shape of lower incisors, the relative position of the 
anterior edge of the ascending ramus level with M4 (not M3), and deep large masseteric 
fossa. 
Within the genus Vombatus the Monaro specimens are distinct from V. hacketti from 
Western Australia which, from descriptions by Glauert (1910) and Dawson (1983a), has 
longer nasals, lacks postorbital processes on frontals (which are present on the two 
Monaro skulls), and has a wider ectalveolar plate. 
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Vombatus urs/nus 
091022314 048827 090081804 048824 048843 
(Juvenile) 
skull palate W at M2 8.1 * 5.6 7.0* 
depth ecta lveo lar .. 11.0 10.0 6.0 
Incisor depth 11.3 10.9 9.1 7.9* 
width 7.2 6.9 6.9* 
P3-M4 L 49.1 50.9 34.1 54.0* 42.0* 
p3 L 6.4 8.1 4.2 5.9 
w 6.3 6.7 3.5 5.0 
M1 L 11.2 10.9* 7.4 12.4 9.6 
AW 7.9* 9.9* 4.3 7.4 4.6 
PW 9.8 9.8* 4.3 7.4 5.1 
M2 L 11.2 11.8 7.7 12.2 9.5 
AW 7.5 7.9 4.7 8.3 5.2* 
PW 9.5 8.7 5.1 7.1 5.8 
M3 L 10.8 10.6 7.0 12.1 7.8* 
AW 7.7 7.7 4.7 9.1 5.4* 
PW 7.6 7.6 4.4 9.0 3.7 
M4 L 10.0* 8.4 6.1 8.7 
AW 6.5 6.7 4.0 5.0* 
PW 5.6 3.1 5.4 
091022314 048711 092101001 091090102 
Incisor depth 7.0 3.9 
width 7.8 2.5 
P3.M4 L 49.8 50.0 
P3 L 5.4 
w 6.0 
M1 L 11.6 6.5 11.1 • 
AW 6.8 2.8 6.3* 
PW 7.5 3.1 6.5* 
M2 L 10.8 11.2 
AW 7.2 7.3 
PW 6.7 6.8 7.1 
M3 L 11.5 11.6 10.1 
AW 7.3 6.8 7.3 
PW 7.1 6.6 7.6 
M4 L 11.1 11.6 11.1 
AW 6.9 6.8 8.1 
PW 6.2 6.1 6.6 
unknown vombatlform 
? UPPER or LOWER 090112801 
at occlusal edge 
length 4.8 
width of loph A 2.4 
width of loph B 2.2 
total depth from occlusal edge to root edge 12.8 
• incomplete tooth or measured at alveolus; •• maximum depth of maxilla below origin of zygomatic arch. 
Table 3.16. Dimensions (mm) of specimens of Vombatus ursinus and specimen 090112801 
from the various localities in the northern Monaro region. 
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? Family Vombatidae Burnett, 1830 
3.3.12. unknown vombatiform 
Introduction 
One specimen from Bunyan Siding differs in morphology from all other vombatids in the 
region and from all known taxa examined and is only tentatively referred to the Family 
Vombatidae. 
Material 
090112801, molar, Bunyan Siding, Jilliby Formation. 
Description and Identity 
The only specimen of small wombat from the northern Monaro collection which differs 
from all others (see previous section) is the single molar 090112801 from Bunyan 
Siding. It is tentatively referred to the Family Vombatidae because it is a bilobed, open-
rooted, continuously growing molar. However, the molar is distinguished from all 
known species of Vombatidae by its broad U-shaped interloph valley, narrowness 
relative to its length, small lophs (?lophids) with narrow occlusal surface and flattened 
lateral crests, relatively straight lophs in anterolateral view, and very small size (see Table 
3.16 in previous section). Tue· crowns of the molar are well worn implying the tooth is 
developed and in use. 
This specimen probably represent a new species and genus, however, its formal proposal 
must await further material. 
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Family Potoroidae (Gray, 1821) 
3.3.13. Aepyprymnus rufescens (Gray, 1837) 
Introduction 
Nine specimens are identified as the extant species A. rujescens. The specimens are from 
Holocene units at Pilot Creek and the Middle Pleistocene Bunyan Siding units. 
A. rufescens occurs at one other fossil locality in the region at Mt. Fairy (Willis, 1993), 
and in fossil deposits in South Australia (Pledge, 1991), northern New South Wales 
(Dawson, 1985), Victoria (Wakefield, 1964) and Queensland (Bartholomai, 1977). A. 
rufescens has been recorded from the Monaro in historic times (most recently in 1956; 
see Marlow, 1958). It presently occurs in northeastern New South Wales and eastern 
Queensland. 
Material 
Pilot Creek 
048705, fragmented skull, left and right 11-2, P2, dP3, P3 in crypt, M1-2, M3 partially 
erupted, Pilot Creek, Poplars Site, <['late 3.4, fig. 5). 
088081301, left maxillary fragment, P , dP3, M2, missing M1, Pilot Creek, Poplars 
Site. 
048835, skull fragments, left P3, M1-3, left and right mandibular rami, 11, P3, M14, 
Pilot Creek, near Poplars Site. 
090072201, fragmented skull and postcranials, left and right upper 11-3, C, P2, dP3, 
unerupted P3, M1, M2 in crypt, and left and right mandibular rami with 11, P2, 
dP3, unerupted P3, M1, M2 in crypt, Pilot Creek, T-Site, (Plate 3.4, fig. 3). 
048710, left and right mandibular rami, 11, P2, dP3, M1, M2 in crypt, Pilot Creek, 
Poplars Site, (Plate 3.4, fig. 4). 
048786, anterior tip of right mandible with incisor, Pilot Creek, T-Site. 
Bunyan Siding 
090112805, right P3, Bunyan Siding (scree slope) (Plate 3.4, fig. 6). 
091021606, lower left incisor, Bunyan Siding, Jilliby Formation. 
090112912, left mandibular ramus, M24, Bunyan Siding, Jilliby Formation. 
Description and Identity 
The morphology and dental dimensions of the northern Monaro specimens (Table 3.17 
and 3.18) are compared with descriptions by Wakefield (1967a), Smith (1971) and 
Bartholomai (1977) and modem samples of A. rufescens, Bettongia spp., and Potorous 
spp. The nine specimens are identified as A. rufescens and distinguished from other 
Potoroinae by expressing one or more of the following morphological features: 
- moderately bilophodont molars with lophs incompletely developed, as opposed to the 
more bunodont molars of the other Potoroinae; 
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- lophs comprising of paracrista and metacrista in the uppers, and metacrista and 
entocrista in the lowers extending beyond the midline of the molars, being encircled by 
the lingual cusps and their associated crests; 
- molars rectangular with molar length > molar width (in Bettongia spp. molars are 
squarer); 
- a deep broad posterior cingulum formed by a prominent posthypocrista in the upper 
molars and the postentocristid in the lower molars; 
- a well-developed anterior cingulum; 
- premolar length, number of grooves and angle in tooth row; 
- mandibles thick, robust, and convex ventral surf ace, differing from the more slender 
shape in Bettongia spp.; and 
- procumbent lower incisor with dorsomesial enamel strip. 
Upper Dentitions 
The specimens with upper molars (048835, 090072201, 08808103, and 048705) are 
morphologically indistinguishable from a modern sample of A. rufescens and differ from 
other potoroids in cusp arrangement, by having rectangular molars which are longer than 
they are wide (see Figure 3.3), and are moderately bilophodont with two incompletely 
developed transverse lophs. Two of the specimens have upper incisors (090072201 and 
048705) characteristic of A. rufescens with 11 being long-rooted, the 12 round, broad 
and long, and r triangular in section, wider in diameter and rotated inward. 
The upper P2 is present in 3 specimens (088081301, 048705, 090072201) and are 
sectorial grooved teeth with 5 to 6 grooves. The upper are all sectorial grooved premolars 
with a posterolingual cusp, straight crests and from 6 to 8 grooves. The specimen 
090112805, a single P3 from Bunyan Siding (Plate 3.4, fig. 6), is similar to both A. 
rufescens and B. gaimardi (Desmarest), both species having 8 grooves and similar 
~orphology. The differences between the species in P3 length are not significant, with an 
overlap in range: the length of B. gaimardi (7.9 - 8.8 mm) is generally smaller than for 
A. rufescens (8.5 - 9.4 mm, Table 3.17). The specimen is tentatively identified as A. 
rufescens because that species is known to have occurred in the Monaro region, whereas 
B. gaimardi has not been recorded from the region, although given its past distribution it 
might be expected. B. gaimardi occurs today in Tasmania and until recently occurred on 
the mainland along coastal areas of eastern Australia, being recorded at Pine Mountain in 
southeastern Queensland, at Campbelltown, Balmoral and Liverpool Plains in New 
South Wales, and in Victoria near Melbourne and in fossil and sub-fossil deposits in the 
lower Murray-Darling basin (Wakefield, 1967a; Smith, 1971; Rose, 1986). 
Lower Dentitions 
The mandibular specimen 048710 is identified as A. rufescens based on the distinctive 
morphology of the dP3 and molars, and length of P2 (6.2 mm) which is not significantly 
different from the modern sample of A. rufescens (Table 3.18). 
74 
Chapter 3: Taxonomy o(Faunal Assemblages 
The mandibular specimen 090112912 from Bunyan Siding is very worn and has a small 
M.. (Table 3.18) but has molar morphology similar to Aepyprymnus. 
The lower incisor, 091021606 from Bunyan Siding is identified as A. rufescens being 
most similar to specimen 090072201 from Pilot Creek. Although there is considerable 
variation in length and width due to age and wear, the lower incisors of A. rufescens 
have a distinctive enamel distribution including a ventral enamel flange, a dorsomesial 
enamel strip, and the tooth tapers to a point with a small wear facet on the dorsal surface. 
The tooth is distinguished from incisors of B. gaimardi, B. penicillata Gray and B. 
/esueur (Quoy & Gaimard) which, although similar in size and angle of procumbancy, 
lack the dorsomesial enamel strip. Potorous lower incisors also differ in enamel 
distribution and in having flared enamel tips. 
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Figure 3.3. Bivariate graph of M2 length against M2 anterior width for the northern Monaro 
fossil specimens ( JC ) ; a modem sample of A rufescens ( o); and three species of Bettongia, B. 
gaimarci ( e ) , B. lesueur ( • ), and B. pericillata ( • ). 
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Monaro fossil sample Modern Sample A. rufescens 
048835 09007 08808 048705 09011 
2201 1301 2805 N Range Mean±SE SD CV% 
p L 11 6.5-7.6 7.0±0.10 0.34 4.9 
dP3 L 6.5 6.0 5.9 10 5.3-6.1 5.8±0.11 0.34 5.8 
p3 L 9.1 8.2 9.0 9.0 8 8.5-9.4 9.1±0.13 0.37 4.1 
M1 L 5.2 5.5 5.3 16 3.3-6.4 5.3±0.21 0.85 15.9 
AW 4.3 4.0 4.0 16 3.9-4.7 4.3±0.63 0.25 5.8 
PW 4.4 4.2 4.3 16 4.0-4.5 4.3±0.05 0.18 4.3 
M2 L 5.9 6.1 6.5 6.2 13 5.8-6.9 6.3±0.10 0.39 6.2 
AW 5.0 4.5 4.5 4.5 14 4.4-5.1 4.8±0.06 0.24 5.0 
PW 4.6 4.1 4.2 4.3 12 4.2-4.9 4.5±0.06 0.22 4.9 
M3 L 6.3 6.3 9 5.7-7.5 6.5±0.17 0.51 8.0 
AW 5.0 4.7 9 4.4-5.3 4.9±0.08 0.25 5.2 
PW 4.5 4.2 9 4.1-4.8 4.4±0.08 0.25 5.8 
M4 L 6 5.5-6.2 5.9±0.11 0.26 4.4 
AW 6 4.3-4.6 4.4±0.04 0.10 2.3 
PW 6 3.2-3.7 3.5±0.07 0.18 5.1 
Table 3.17. Comparisons of dimensions (mm) of upper dentitions of the northern Monaro 
fossils with modem A. rufescens from Tooloom, New South Wales and eastern Queensland. 
See Table 3.2 for statistical abbreviations. 
Monaro fossil sample Modern Sample A. rufescens 
048835 090072201 048710 090112912 
N Range Mean±SE SD CV% 
P2 L 5.6 6.2 9 5.7-6.4 6.1±0.08 0.24 3.9 
dP3 L 5.6 5.4 9 4.3-5.5 5.1±0.13 0.40 7.9 
P3 L 7.8 8 7.6-8.5 8.2±0.10 0.29 3.6 
M1 L 4.0 5.3 6.0 16 3.6-6.2 5.1±0.21 0.86 16.8 
AW 3.3 3.7 3.9 16 3.0-4.3 3.7±0.08 0.32 8.8 
PW 3.7 4.1 4.5 16 3.4-4.5 4.1±0.07 0.29 7.1 
M2L 5.3 4.8 14 4.8-6.6 5.8±0.15 0.55 9.6 
AW 4.1 4.2 14 4.0-4.8 4.4±0.06 0.24 5.5 
PW 4.3 4.3 13 4.2-5.1 4.6±0.07 0.27 5.8 
M3 L 6.1 5.6 11 5.6-7.2 6.3±0.14 0.48 7.6 
AW 4.7 4.7 11 4.8-5.4 5.1±0.64 0.21 4.2 
PW 4.6 4.3 11 4.3-5.2 4.8±0.88 0.29 6.1 
M4L 6.1 5.0 6 5.7-6.0 5.9±0.04 0.11 1.8 
AW 4.7 4.2 6 4.4-5.8 4.9±0.19 0.46 9.4 
PW 4.0 3.6 6 3.8-4.5 4.0±0.11 0.27 6.6 
Table 3.18. Comparisons of dimensions (mm) of lower dentitions of Monaro fossils with a 
sample of modern A. rufescens from Tooloom, New South Wales, and from eastern 
Queensland. See Table 3.2 for statistical abbreviations. 
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3.3.14. Sthenurus atlas Owen, 1838 
Introduction 
Two molars from Bunyan Siding are identified as Sthenurus atlas and a third specimen 
tentatively as Sthenurus atlas. 
· S. atlas has not previously been recorded from the Southern Tablelands region. It occurs 
in the large faunas at Wellington Caves (Dawson, 1982a; 1985), at Victoria Cave (Wells 
et al., 1984), and at Lake Menindee (Tedford, 1966). However, there are other 
sthenurines recorded from the region including S. maddocki Wells & Murray, from Mt. 
Fairy (Flannery and Hope, 1983; Prideaux, 1994), and S. orientalis Tedford from 
Wombeyan Quarry (Hope MS. nd). Unidentified specimens of Sthenurus from the 
region are from Wee Jasper Caves (Willis, 1993), from Yarrangobilly Caves (Hope, 
MS. nd), and from Teapot Creek, with at least two species represented at the latter 
locality. 
Material 
091021608, upper right unworn M3, Bunyan Siding, Jilliby Formation, (Plate 3.5, fig. 
2). 
D90112704, molar fragment, metaloph (?M3 or 4), Bunyan Siding, Jilli by Formation. 
Probably Sthenurus atlas, 092052105, lower right incisor, Bunyan Siding, Jilliby 
Formation, (Plate 3.5, figs la, lb). 
Description and Identity 
The molars referred to Sthenurus may be distinguished from all other genera of 
Macropodidae by being low crowned, large, having broad lophs which are nearly 
straight, being slightly bowed anteriorly, a low weak midlink, a strong 
postmetaconulecrista and postmetacrista forming a broad posterior cingulum, and faint 
ornamentation on the loph surfaces (see Bartholomai, 1963, and Tedford, 1966, for full 
generic diagnoses). 
The two molars, 091021608 and 090112704, were compared with sthenurine material 
from Wellington Caves (type locality for S. atlas) and Bingara (type locality for S. 
andersoni) held at the Australian Museum, Sydney, and with descriptions of sthenurines 
by Marcus (1962), Bartholomai (1963), Tedford (1966), Pledge (1980), Dawson 
(1982a), Prideaux (1994) and Wells and Tedford (1995). The faint ornamentation and 
relatively large dimensions and general form of the two molars are most similar to S. 
atlas which has a prominent posterior cingulum. Although similar to S. andersoni Marcus 
they are distinguished from that species which has a smaller molar length (see Table 
77 
Chapter 3: Taxonomy o[Faunal Assemblages 
3.19), lacks a prominent posterior cingulum, has a forelink and midlink, a narrower 
anterior cingulum and lacks a pronounced cuspule on the postparacrista. 
The molar 091021608 is morphologically indistinguishable from the upper M3 on 
specimen AMF29561 from Wellington Caves identified as S. atlas (Dawson, 1982a). It 
has a well-developed anterior cingulum with no true forelink. The anterior cingulum on 
the buccal side has a crest linking it with the paracone, being separated by a vertical 
groove. Ornamentation is reduced to faint vertical crenellations on both the anterior and 
posterior surfaces of both lophs. It has a reduced midlink formed by the postprotocrista 
and a shallow crest in the middle of the anterior face of the metaloph. A second crest 
protrudes into the interloph valley from the paracone anteroposteriorly and when viewed 
laterally from the buccal side forms a heel or cuspule half way down the length of the 
loph. 
The isolated metaloph 090112704 has the same general form as 091021608, including a 
well-developed posterior cingulum, a low midlink, and faint ornamentation on the loph 
surface. It is most similar to AMF92, a S. atlas specimen from Wellington Caves. The 
metaloph differs from S. andersoni by having a pronounced posterior cingulum. 
The molar lengths and anterior widths of both Bunyan Siding specimens are within the 
observed ranges for S. atlas from Wellington Caves and are larger than those of S. 
andersoni (Table 3.19). However, the posterior widths taken across the metalophs of 
both specimens are greater than those observed for S. atlas and S. andersoni upper M3 
(Table 3.19) and greater than those recorded by Dawson (1982a) and Marcus (1976). 
While this size difference may indicate the presence of a different taxon, with only a 
single character in two specimens its significance cannot be assessed. 
The right lower incisor, 092052105, is tentatively identified as S. atlas given that S. atlas 
is the only species of Sthenurus represented in the fauna! assemblage at Bunyan Siding, 
and that the tooth has features similar to Sthenurus, even though no S. atlas lower 
incisors or descriptions were available for comparison. The tooth has been compared 
with a lower incisor of S. andersoni, MFlO, and differs in the enamel distribution on the 
mesial surface: it does not extend toward the root as far as in MFlO, but is otherwise 
similar. The tooth differs from Macropus spp. by having a more spatulate lateral enamel 
surface (as opposed to lanceolate), by having a smooth rounded ventral surface lacking 
the ventral enamel flange, by the angle of the occlusal wear facet, and by having an S-
shaped crown-root junction. In Macropus spp. the junction is irregular and roughly 
perpendicular to the long axis and in Procoptodon it is a straight junction across the 
tooth. Procoptodon and Simosthenurus lower incisors also differ from Sthenurus by 
having the wear facet at a less obtuse angle to the anteroposterior axis of the tooth. The 
dimensions of the tooth are maximum width 14.5 mm and maximum length 49.0 mm. It 
is illustrated in Plate 3.5, figs la and lb. 
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Monaro Fossils Comparative Material 
A* B* Sthenurus atlas Sthenurus andersonl 
N Range Mean SD CV N Range Mean SD CV 
Upper 
M2 L 7 11.4 -14.2 13.2 0.78 5.8 3 12.0-12.1 12 0.06 0.5 
AW 6 11.7-12.5 12.1 0.29 2.4 3 11.3-11.5 11.4 0.11 1.0 
PW 6 11.2-11.7 11.5 0.23 2.0 3 11.0-11.2 11.1 0.1 0.9 
M3 L 14.5 - 6 13.2-14.8 14.1 0.74 5.3 3 13.0-13.4 13.2 0.2 1.6 
AW 12.6 - 6 12.2-12.6 12.4 0.19 1.5 3 11.3-12.3 11 .9 0.5 4.3 
PW 11.9 12.5 6 11 .3-11. 7 11.5 0.14 1.2 3 10.8-11.2 10.9 0.2 1.9 
M4 L 2 12.6-13.1 12.8 0.35 2.7 3 12.0-13.0 12.5 0.5 4.0 
AW 2 11.2-11.7 11.5 0.35 3.1 3 11.0-11.7 11.5 0.4 3.5 
PW 2 9.6-9.6 9.6 0.00 0 3 9.5-9.7 9.6 0.1 1.0 
A*= 091021608, B* = 090112704 
specimens Table 3.19. Comparisons of dimensions ~mm) of the northern Monaro 
(091021608, 090112704) with upper M2, M and M4 of Sthenurus atlas and Sthenurus 
andersonifrom Wellington Caves. See Table 3.2 for statistical abbreviations. 
79 
Chapter 3: Taxonomy of Fauna/ Assemblages 
Family Macropodidae Gray, 1821 
Subfamily Sthenurinae Glauert, 1926 
3.3.15. Procoptodon rapha Owen, 1874 
Introduction 
One specimen of P. rapha has been collected from Bunyan Siding. This species has not 
been previously reported from the region but the larger form, P. goliah (Owen) has been 
recorded once at Governors Hill (Sanson et al., 1980). P. rapha is found in deposits at . 
Bingara (Marcus, 1976), Wellington Caves (Dawson, 1982a, 1985), Naracoorte Caves 
(Wells et al., 1984) and the Darling Downs (Bartholomai, 1970). 
The name P. rapha has been adopted in accordance with Article 80a of the International 
Code of Zoological Nomenclature (ICZN) while the case to have the name Halmaturus 
scottii Krefft suppressed is under consideration by the International Commission of 
Zoological Nomenclature (Davis and Ride, in press; see Appendix E). The definition of 
the species is in accordence With the definition used by Stirton and Marcus (1966) .. 
Material 
D48912, right mandibular ramus with roots of incisor and P3, :fragmented Mi, complete 
M2_3, Bunyan Siding, Jilliby Formation (Plate 3.5, fig. 4). 
Description and Identity 
The ramus, D48912 is referred to Procoptodon and distinguished from all other 
Macropodidae by having large bilophodont subrectangular molars with high complex 
midlinks and accessory links, wide anterior cingula, a small lower incisor (root only 
preserved), short diastema (approx. 24 mm) and deep short ramus (see Stirton and 
Marcus, 1966). The morphology and size of the specimen agrees well with descriptions 
of P. rapha given by Stirton and Marcus (1966), Bartholomai (1970) and Marcus 
(1976) and with comparisons made in this study. 
" 
When compared with the syntypes of P. rapha (AMF10152; BM32885 = QMF3864 
cast) from the Darling Downs, the Monaro specimen is morphologically 
indistinguishable from AMF10152, an adult right mandible. The lower molar lophid 
sides are near vertical, there are deep valleys on both sides of the forelink and midlink, 
the pocket formed on the posterior side of the protoloph and the lingual side of midlii:tlc 
is present in both specimens, and the ornamentation is similar, all features typical of P. 
rapha. · 
. Although similar to the other two Pleistocene species of Procoptodon, P. goliah (Owen) 
and P. pusio Owen the Monaro specimen is easily distinguished from these species for 
several reasons. 
Specimen D48912 differs from mandibles of P. goliah (samples examined from Darling 
Downs, Bingara, Lake Victoria) which have wider lophids than P. rapha with lophids 
80 
Chapter 3: Taxonomy o(Faunal Assemblages 
sloping toward the centre of the crown from bulbous tooth bases. D48912 has lophids 
which are nearly vertical on the lingual side while on the buccal side they are slightly 
bulbous at the base. P. goliah generally has shallower anterior valleys, and less 
prominent ridgelets on the lingual side of the midlink and does not have the pocket on the 
lower molars on the lingual side of the midlink. 048912 has ornamentation present in the 
form of numerous ridges on the anterior surface of the anterior cingulum, curving into 
the trigonid basin from the anterior surface of the protolophid, curving into the lingual 
side of the interlophid valley from the surfaces of the midlink and both lophids, and as 
ridges down the posterior surface of the hypolophid (Plate 3.5, fig. 4). There is a 
prominent ridge on the lingual side of the midlink originating on the anterior surface of 
the hypolophid and parallel to the midlink. A pocket is present on M2 and M3 on the 
posterior surf ace ~f the protolophid and the lingual side of the midlink, similar to that 
described by Stirton and Marcus (1966) for P. rapha. 
The Monaro specimen differs from P. pusio (samples examined from Bingara and 
Darling Downs) which is significantly smaller than both P. rapha and P. goliah, and has 
poorly developed ridges and crenulations. Comparisons with AMF30330, the holotype 
of P. thomsonii (Krefft) show the Monaro specimen is larger, and that AMF30330 is 
similar to P. pusio specimens from Bingara. 
It is not possible to compare D48912 with P. texasensis Archer, which is known only 
3 from an upper P (Archer, 1978b) from Texas Cave (QMF7894). 
The dimensions of the Monaro specimen are similar to those of a sample of P. rapha 
examined from the Darling Downs area (Table 3.20) and with those of the sample of P. 
rapha described by Bartholomai (1970, table 3). Furthermore, when the dimensions are 
plotted on the bivariate plot comparing lower P3 Length and M2 PW figured by Marcus 
(1976, fig. 37) used by Marcus to demonstrate the separation of P. rapha from P. goliah, 
the Monaro specimen falls within the P. rapha cluster. 
Synonymy of Procoptodon rapha Owen and Halmaturus scottii Krefft 
Dawson (1982a) found that there was no difference in morphology or dimensions 
between the holotype of H. scottii, AMF19652, from Wellington Caves described by 
Krefft in 1870, and a syntype of P. rapha (BM32885) from the Condamine River, 
Queensland, described by Owen in 187 4. She also made comparisons with descriptions 
of P. rapha and P. pusio from large samples from the Darling Downs by Stirton and 
Marcus (1976) and Bartholomai (1970). I have examined and compared the Wellington 
Caves sample of P. rapha (including the holotype of H. scottii, AMF19652) and samples 
from the Darling Downs including P. rapha, P. goliah, and P. pusio, and the two 
syntypes of P. rapha (BM32885, AMF10152). I agree with Dawsons conclusion thatH. 
scottii and P. rapha are conspecific. Accordingly Ride and I have sought the conservation 
of the familiar and much used Owen names (Appendix E). 
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Monaro Comparative Types Comparative Samples ~ .., I..., 
Fossil P. rapha P. rapha .. 
D48912 F10152 BM32885 F19652 Darling Downs Wellington Caves [ 
N Range Mean SD CV N Range Mean SD CV 5 
;i 
t< 
P3 L 16.0* 15.2 13.0-15.4 - - 9 14.3 0.9 6.6 
AW 7.9* - 7.0 - 9 6.3-7.9 7.2 0.5 7.5 - - - - - I{ PW 10.7* - 10.6 - 9 9.2-11.6 10.3 0.8 8.1 - - - - -
)>.. 
M1 L - - - 15.4 7 14.5-1.7.4 15.6 1.0 6.4 2 15.4-15.6 - - - ~ AW - - - 11.7 8 11.5-13.7 12.5 0.6 5.2 2 11.7-12.0 - - - s. PW 13.8 12.1 8 12.3-13.9 13.1 0.6 4.4 2 12.1-12.2 -- - - - - "' 
M2 L 18.9 18.2 - 18.3 13 16.9-19.9 18.2 0.9 5.1 2 18.3-18.8 
~I AW 15.3 14.5 - 14.0 13 13.5-15.7 14.6 0.6 4.4 4 14.0-14.3 
PW 15.2 14.7 - 13.8 13 13.3-15.2 14.4 0.6 4.2 2 . 13.8-13.6 
M3 L - 19.0 - 19.2 12 19.0-23.2 20.7 1.2 5.6 3 19.2-23.0 21.0 1.9 -
AW 16.2 14.8 - 14.5 11 14.0-16.6 15.1 0.8 5.4 3 14.5-16.0 15.2 0.7 -
PW 15.0 15.3 - 14.0 11 13.8-15.9 14.9 0.7 4.8 3 14.0-15.8 14.9 0.9 -
~ L - 20.3 - - 8 20.3-22.8 21.5 1.0 4.6 
AW - 15.4 - - 6 13.9-16.0 15.0 0.8 5.8 
PW - 15.4 - - 8 13.3-15.6 14.8 0.7 5.3 
* incomplete tooth 
Table 3.20. Dimensions (mm) of lower teeth of the Monaro specimen of P. rapha and comparative specimens: F10152 & BM32885 syntypes of P. 
rapha from Condamine Old; F19652 holotype P. scottii from Wellington Caves; Darling Downs sample of P. rapha and Wellington Caves sample of P. 
rapha. See Table 3.2 for statistical abbreviations. 
Family Macropodidae Gray, 1821 
Subfamily Macropodinae (Pearson, 1950) 
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3.3.16. Protemnodon anak Owen, 187 4 
Introduction 
Three specimens of P. anak are identified in the local faunas from the northern Monaro 
deposits. Upper premolars and associated postcranial elements were collected from Pilot 
Creek and a single upper molar and a pair of rami were collected from Bunyan Siding. A 
fourth specimen, an upper r from Bunyan Siding, is tentatively identified as cf. P. anak. 
P. anak has been recovered from Wombeyan Quarry (Hope, 1982a) and Teapot Creek 
(unpublished data) and has a widespread occurrence in Pleistocene deposits throughout 
eastern and southern Australia. 
Materials 
Pilot Creek 
D95042106, right upper P2 and P3, and associated pelvic fragment and caudal vertebra, 
Pilot Creek, 'Lemon Site', (Plate 3.5, fig. 3). 
Bunyan Siding 
D48916, (pair with D91010604 and 090120209), left mandibular ramus with I, P3, M1_ 
4, Bunyan Siding, Jilliby Formation (Plate 3.5, fig. 5). 
D90081802, upper right M1, Bunyan Siding, Jilliby Formation. 
D90090102, upper left ?13, Bunyan Siding, Jilliby Formation. 
D91010604 and D90120209 (pairs with 048916), right mandibular ramus with I, P3, 
M1-4, Bunyan Siding, Jilliby Formation, (Plate 3.5, fig. 5). 
Description and Identity 
The Monaro specimens referred to Protemnodon are distinguished from all other 
Macropodidae by having large, deeply rooted, elongate premolars transected by nearly 
vertical buccal and lingual ridges, upper molars with no forelink, lower molars with 
narrow anterior cingulum and low midlinks, long slender mandibles with well-defined 
lateral grooves, straight cheek tooth rows, lophs and lophids nearly parallel, smooth 
broad concave surfaces on the anterior of lophids and posterior of lophs, and large 
spatulate lower incisors (for complete revised generic diagnosis see Bartholomai, 1973). 
Within Protemnodon the above specimens are most similar to the Pleistocene species P. 
anak. The dimensions of the specimens are within the observed ranges of large samples 
of P. anak from the type locality, Darling Downs, reported by Bartholomai (1973, table 
2) and measured in this study (Tables 3.21 and 3.22). Comparisons with P. anak from 
localities within New South Wales (Wellington Caves, Scone, Dunedoo, Weetalibah) 
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and Victoria (Spring Creek, Morwell, Lancefield) show no significant morphological or 
size differences. 
The specimens differ in size from the Pleistocene species here called P. roechuslbrehus 
(see next species, section 3.3.17), being smaller in all tooth dimensions. In addition, in 
P. anak the lower P3 is narrower posteriorly, the molars have poorly developed posterior 
cingula and the lower incisor has a distinctive ventrolingual enamel flange, a feature 
absent in P. roechuslbrehus. The P. ana/c specimens from the Monaro are not the 
Pliocene species, P. devisi Bartholomai or P. chichillaensis Bartholomai which are 
smaller species with shallower ramal depth and longer, larger, P3s relative to molar 
length (Bartholomai, 1973). 
The upper P2 on the Pilot Creek specimen is a small elongate tooth, broader posteriorly 
than anteriorly and has a low lingual cingulum and vertical buccal and lingual ridges 
(Plate 3.5, fig. 3). It agrees well in morphology with the descri~tion given by 
Bartholomai (1973) for P. anak and is indistinguishable from the P of QMF3677 
(Bartholomai 1973, plate 10, fig. 2). The length of the P2 is 12.7 mm, well within the 
observed range reported by Bartholomai (1973) for P. ana/c while the maximum width of 
7.7 mm is slightly larger (Table 3.21). The P3 is similar in form to specimen QMF4896 
(Bartholomai, 1973, plate 10, fig. 4), a P. anak from the Darling Downs. The two Pilot 
Creek premolars are considered not to be the larger form P. roechuslbrehus: dimensions 
of P2 and P3 given by Marshall (1972), Bartholomai (1973), Marcus (1976) and Dawson 
(1982a), are in all cases larger than the Pilot Creek teeth. 
The upper molar from Bunyan Siding (090081802) has a moderately high midlink and 
high lophs, the metaloph being broader than the protoloph. It lacks a forelink but has a 
well-developed ridge on the buccal side from the paracone to the buccal side of the 
anterior cingulum. The morphology of the tooth is similar to QMF5060 and descriptions 
given by Bartholomai (1973) for P. anak. The dimensions are within the observed range 
1 for M of P. anak (Table 3.21). 
The three mandibular specimens from Bunyan Siding, D48916, D91010604 and 
D90120209 were collected at different times (hence separate numbers) but are considered 
to be from the one individual. The rami are long and gracile with maximum depth being 
29.1 mm. The anterior edge of the coronoid process is nearly perpendicular to the rami. 
There is a groove parallel to the tooth row on the buccal side below PrM2. The mental 
foramen is well forward of the P3, midway along the diastema near the dorsal edge. The 
size of the rami and features described are all typical of specimens of P. anak. 
The lower incisor on D90120209 is complete and is spatulate in shape with an enamel 
flange on both the dorsal and ventral sides. The incisor depth is 14.8 mm, within the 
range observed by Bartholomai (1973) for P. anak (12.8-16.3 mm) and much smaller 
than the dimensions reported for P. roechus/brehus (17.9-18.2 mm). 
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The lower P3 is relatively long and thin with a straight longitudinal crest. Four pairs of 
ridges run vertically on both lingual and buccal sides from the crest. The tooth is 
relatively high crowned, the anterior end being higher and the posterior end showing 
evidence of wear. 
The lower molars have relatively broad trigonid basins and precingulids being almost 
equal distance with the distance between lophids. A low forelink curves from the 
protoconid to the reduced paraconid being slightly buccal of the midline. Posterior 
cingula are present on M3 and M,i, and obscured on M 1 and M2 by molar crowding. 
The incomplete upper left third incisor, 090090102, is tentatively identified as P. anak 
on the basis of comparison with P. anak upper incisors figured by Bartholomai (1975, 
pl. 9, fig. 5). The incisor is a very large tooth with a large long root and enamel crown 
which, on the buccal side, stops abruptly. It lacks part of the buccal enamel which would 
comprise the diagnostic features of the lobes. 
Monaro Foaalla Protemnodon •n•k (data from Bartholomal, 1973) 
095042108 090081802 N Range Mean SD CV 
p2 L 12.7 3 11.6 - 13.5 12.5 
Max. w 7.7 3 6.3 - 7.5 7.1 
p3 L 32 16.5 -18.9 17.7 0.66 3.77 
Max. w 7.1 36 7.4-10.1 8.4 0.72 8.64 
M1 L 12.9 34 10.7 - 13.3 11.9 0.69 5.79 
AW 9.5 36 9.1 - 11.2 10.0 0.47 4.69 
PW 10.5 
Table 3.21. Comparisons of dimensions (mm) of upper teeth of the Monaro specimens of 
Protemnodon anak with a sample from the Darling Downs. See Table 3.2 for statistical 
abbreviations. 
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Monaro Foaalls Comparative Material 
048916 090120209 P. anak ( Darllng Downs) 
P. anak (NSW & Victoria) 
left right N Range Mean SD CV N Range Mean SD CV 
P3 L 15.5 7 14.3. 17.2 15.9 1.0 6.3 7 15.0-17.5 16.2 0.9 5.9 
AW 4.5 7 5.5. 6.2 5.8 0.3 4.8 7 4.9. 6.3 5.5 0.5 8.9 
PW 5.4 5.5 7 5.2. 7.1 5.8 0.6 10.3 7 5.4. 6.4 5.8 0.4 6.8 
M1 L 10.0 10.0 8 8.9. 11.3 9.8 0.7 8.0 6 9.5 • 10.6 10.0 0.4 4.3 
AW 7.5 7.6 8 7.3. 8.9 8.0 0.5 6.4 6 7.4. 8.2 7.7 0.3 3.8 
PW 8.0 7.9* 7 7.6. 9.1 8.4 0.5 6.4 6 7.7. 8.2 7.9 0.2 2.6 
M2 L 12.1 12.0 10 10.8. 14.0 12.3 0.9 7.8 8 11.6-14.4 12.7 0.8 6.8 
AW 8.7 8.7* 8 8.6 • 10.9 9.5 0.8 8.4 5 8.7. 9.6 9.3 0.4 4.7 
PW 8.8 8.6* 11 8.4. 10.4 9.1 0.7 7.7 7 8.6 • 10.0 9.1 0.5 5.8 
Ma L 14.6 14.9 12 14.1 . 15.6 14.9 0.5 3.4 6 14.3. 16.6 15.5 0.9 5.9 
AW 9.7* 9.7* 12 9.8. 11.7 10.7 0.6 5.5 5 10.0·11.1 10.6 0.4 4.2 
PW 9.7* 9.5* 11 9.2·11.1 10.2 0.5 5.7 8 9.7. 11.1 10.3 0.4 4.3 
M4 L 15.4 11 15.4. 17.6 16.2 0.7 4.5 6 14.7. 17.3 16.1 0.9 6.0 
AW 10.0 9.6* 11 10.2. 11.5 10.9 0.5 4.4 6 10.3. 11.4 10.8 0.4 4.1 
PW 9.1 11 9.3. 11.0 9.9 0.5 4.8 6 9.2. 11.0 9.8 0.6 6.5 
* incomplete tooth 
Table 3.22. Comparisons of dimensions (mm) of lower teeth of the Monaro specimens of 
Protemnodon anak with samples from the Darling Downs (type locality for P. anak) and a 
combined sample from localities in NSW and Victoria. See Table 3.2 for statistical abbreviations. 
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3.3.17. Protemnodon roechus/brehus 
(combines both P. roechus Owen 1874 and P. brehus Owen 1874) 
Introduction 
Four specimens of a large Protemnodon have been identified in the northern Monaro 
deposits, three at Pilot Creek and one at Bunyan Siding. Because I am unable to confirm 
the distinctness of P. roechus and P. brehus (recognised by Bartholomai, 1973) and the 
material from the Monaro could belong to either (if distinct), the species is here called 
Protemnodon roechus/brehus. 
Other specimens of P. roechuslbrehus in the Southern Tablelands occur at Teapot Creek 
(Dansie, 1992) and Cunningham Creek (Bartholomai, 1973). 
Material 
Pilot Creek 
048828, left lower incisor, Pilot Creek, Pilot Creek Formation, Red Bluff Site, (Plate 
3.5, figs 7a, 7b). 
090052702, left lower P3, M3-4, Pilot Creek, Pilot Creek Formation, Overhanging Post 
Site (Plate 3.6, figs la, lb). 
091080411, left and right mandibular rami with left M3-4 and right M2-4, Pilot Creek, 
Pilot Creek Formation, Red Bluff Site, (Plate 3.5, figs 6a, 6b ). 
Bunyan Siding 
090120201, left mandibular ramus with P3, M1_4, missing incisor, Bunyan Siding, 
Jilliby Formation, (Plate 3.6, figs 2a, 2b). 
Description and Identity 
Comparisons have been made between the Monaro specimens and Protemnodon spp. 
from the following localities: Wellington Caves (the type locality for P. brehus); Gowrie 
in the Darling Downs (the type locality for P. roechus); Bingara (Marcus, 1976); 
Lancefield and Spring Creek; and with type material (QMF3395- cast of P. mimas Owen, 
QMF3397- cast of P. antaeus Owen, QMF3868- cast of P. roechus) and numerous 
descriptions of specimens referred to the genus Protemnodon. 
The Monaro specimens are distinguished from the smaller Pleistocene forms, P. anak 
from Australia (see Bartholomai, 1972), and P. hopei Flannery, P. nombe Flannery et 
al., and P. tumbuna Flannery et al. from New Guinea (see Flannery et al., 1983; 
Flannery, 1992) mainly by their extreme size and to some degree by morphological 
variations and distributions. 
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The dimensions of the Monaro specimens (Table 3.23) lie within those of the large 
samples of P. roechus and P. brehus from the Darling Downs given by Bartholomai 
(1973). Although there is considerable variation in morphology of lower premolars 
between the various samples, they all show similar molar morphology with some 
variation in posterior cingula and midlink development Bartholomai (1973) distinguishes 
the two species (P. roechus and P. brehus) by differences in size, the morphology of 
upper and lower P3, the presence or absence of posterior cingula on molars, the shape of 
lower posterior crown bases, and tuberculation of the lingual side of the interloph valley 
in upper molars. On this basis, for example, the Pilot Creek specimen D90052702 would 
be recognised as P. roechus because of its relatively smooth lower P3, and together with 
the other Pilot Creek specimen, because they lack posterior cingula on lower molars. The 
Bunyan Siding specimen would be recognised as an extreme of P. brehus because of the 
semi- ornamented lower P3 and because it has a posterior cingulum on M4, but because 
of its larger size and lack of posterior cingula on M1, M2 and M3 it would be considered 
P. roechus. The problems of discriminating between the two species are discussed at the 
end of this section. 
The Pilot Creek mandibular specimens are from two different localities within the Pilot 
Creek Formation and are similar to each other in morphology and size, while the Bunyan 
Siding specimen is larger than the Pilot Creek specimens, more worn and differs in P3 
and M4 morphology (see below). 
Lower permanent premolars are preserved on 090120201 from Bunyan Siding and 
D90052702 from Pilot Creek (Plate 3.6, figs la, lb, 2a, 2b). They are large elongate 
premolars with almost straight longitudinal crests between high anterior and posterior 
cuspids. The lingual and buccal surfaces are faintly ridged on both specimens and the 
anterior cuspids have prominent ridges down both sides. The teeth are relatively high 
crowned, with both cuspids being of nearly equal height The posterior cuspids are offset 
lingually. The Bunyan specimen also has a buccal ridge from the posterior cuspid to the 
base. The two teeth differ in degree of wear, the Bunyan specimen being well worn 
along the crest, where as the Pilot Creek specimen has a straight unworn crest. 
Dimensions of the P3 are shown in Table 3.23. 
The lower molars on specimens D90120201 (from Bunyan) and D91080411 (from Pilot 
Creek) have similar molar gradients (M1 <M2<M3<M4) where as D90052702 (from Pilot 
Creek) has M3>M4 (Table 3.23). All molars have high lophids, a broad trigonid basin 
and precingulid, and a high forelink curving to the midline from the protoconid. The 
midlinks are relatively low, sloping to the base of the protolophid, except on D90052702 
which has rounded and indistinct midlinks (Plate 3.6, figs la, lb). The Pilot Creek 
specimens do not have posterior cingula on molars, where as the Bunyan Siding 
specimen has a well-developed posterior cingulum on M4 but no cingula on M1-M3. 
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The left lower incisor, 048828, is a large worn tooth and may be associated with the 
rami D91080411 found in the same facies at the same locality. It has a dorsal enamel 
flange and smooth buccal and ventral enamel surfaces. The crown-root junction when 
viewed from the buccal side is a straight junction. The wear facets on the tooth include a 
small mesial facet produced from contact with the right incisor, and a larger dorsodistal 
facet which forms a blunt tip across the tooth (Plate 3.5, figs 7a, 7b). The incisor has 
been compared with specimens of the genus Protemnodon, including P. anak (e.g. 
QMF3003, 091010604, AMF2343, NMVP39118), P. brehus (e.g. AMF13), and with 
what Bartholomai (1973) referred to as P. roechus (e.g. QMF647). Morphological 
similarities include similar wear facet angles, smooth ventral enamel surfaces and similar 
straight crown-root junction on the buccal side. 
The incisor 048828 differs from incisors of P. anak by lacking the ventrolingual enamel 
flange, a feature also seen in Macropus spp. but absent in P. roechus and P. brehus, and 
D48828. Furthermore, the incisor differs from Macropus sp. because it has a near 
horizontal crown-root junction unlike the irregular curvature of the junction on specimens 
of Macropus, and the angle of the occlusal wear facet is far greater than the very 
procumbent angles of Macropus incisors. The incisor 048828 differs from specimens in 
the genus Procoptodon, which have relatively small lower incisors with low angles of 
procumbence. 
Discrimination between P. roechus and P. brehus 
In an extensive review of the Darling Downs samples Bartholomai (1973) recognised 
three Pleistocene species of Protemnodon, P. anak, P. brehus and P. roechus and gave 
descriptions of each. His specific taxonomic arrangement agreed with a much earlier 
review by Lydekker (1887) who treated many of the species previously described by 
Owen (1874a, 1877; see Mahoney and Ride, 1975) as synonymous: including P. mimas 
junior to P. brehus, P. antaeus junior to P. roechus and P. og junior to P. anak. 
Lydekker (1887) maintained P. brehus and P. roechus as separate species but suggested 
the possibility that P. roechus may have been "merely a variety of the former species", 
[i.e. of P. brehus] (Lydekker, 1887 p. 212). 
A number of more recent workers have also emphasised the likelihood that P. roechus is 
a variety of P. brehus (Stirton, 1963; Marshall, 1972; Dawson, 1982a; Lundelius and 
Turnbull, 1989). Dawson (1982a) proposed that P. roechus should be considered a 
junior synonym of P. brehus and proceeded to use the name P. brehus (Dawson, 1982a, 
1985). 
In maintaining the separation of the species Bartholomai (1973) considered, in addition to 
the morphological characters mentioned above, P. roechus to be generally larger than P. 
brehus with some overlap in dimensions. In this study, comparisons of dimensions 
between samples of both species (Table 3.23) show there is considerable overlap in all 
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dimensions. It is therefore considered that cheek tooth dimensions are not useful for 
discriminating between the two species. 
Bartholomai (1973) also argued that the Coefficients of Variation (CV) for each 
dimension for the separate samples, P. roechus and P. brehus, were relatively low, as 
expected for single fossil species. However, by recalculating the CV's using 
Bartholomai's data (Bartholomai, 1969) for the combined sample (Table 3.24), 
comprising both P. roechus and P. brehus samples, the CV's are found to be also 
relatively low, and not high as might be expected if the sample comprised two species. 
To illustrate the range of low CV values for a single species, CV's for P. anak are shown 
in Table 3.24. Also shown are CV's for a known mixed sample comprising P. anak, 
together with the P. roechuslbrehus samples, showing the mixed sample has relatively 
high CV values, as expected (Simpson et al., 1960). I conclude that the CV values can 
equally be used to support the concept that the sample of P. roechuslbrehus represents a 
single species. 
The morphological characters upon which Bartholomai's conclusion was reached are 
likewise uncertain. Specimens referred to by Bartholomai (1973) as P. roechus do not 
have posterior cingula on M 14• Specimen referred to P. brehus do have posterior cingula 
on M1_4. However, the Bunyan Siding specimen, D90120281 and several others (e.g. 
QMF5082) have a posterior cingulum on M4 but not on M1, M2, or M3• These 
specimens could, therefore, be considered as either species using this character. 
Differences in the degree of swelling of the lower molar crown bases particularly in M3 
and ~ were also considered to be discriminatory, but these differences were found to be 
not consistent for the two samples. Moreover, the character is often masked by lophid 
wear. 
Differences in premolars observed by Bartholomai (1973) include the degree of 
ornamentation and grooving on the lingual and buccal surfaces, and the definition of the 
anterior cuspid with P. roechus having 'relatively less ornamented nature of its 
permanent lower premolars' (Bartholomai 1973, p. 346). A re-examination of the 
Darling Downs samples in this study found only four out of six P. roechus specimens 
(as identified in Bartholomai, 1973) have smooth ornamentation on P3 while two are 
semi- ornamented. Of the five P. brehus specimens examined four are considered by me 
to be ornamented and one semi-ornamented. Nevertheless, despite the strong argument 
that there is a single species involved, the highly variable morphology of P3 within the 
mixed sample and also within samples of the two species as defined by Bartholomai 
(1973) suggests there may be more than one species present (Bartholomai, 1973) even 
though the variation cannot easily be quantified. For this reason I leave open the question 
as to whether there are two species and this is reflected in the name used in this thesis. 
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Monaro Fossil Material Comparative Samples 
Bunyan Piiot Creek P. roechus"' P. brehus"' 
Siding 
090120201 090052702 091080411 048828 Range Range 
(left) (rig ht) 
I depth 15.9 17.9-18.2 
P3 L 19.1 18.7 17.5-21.2 16.4-18.7 
AW 6.1 6.1 
PW 8.0 7.0 
M1 L 12.3 12.4-14.2 12.0-14.8 
AW 9.9 8.9-9.9 9.3-10.6 
PW 10.3 
M2 L 16.3 14.8 14.0-18.0 14.9-18.0 
AW 11.6 11.0 10.6-12.2 10.6-12.7 
PW 11.7 11.1 
M3 L 19.6 18.9 16.7 16.8 16.8-20.3 16.7-19.9 
AW 12.8 12.4 12.3 12.4 11.2-13.6 11.9-13.2 
PW 12.8 12.3 12.3 12.2 
M4 L 20.9 18.7 17.5 18.0 17.3-20.9 18.1-20.6 
AW 14.1 12.7 12.6 12.7 11.1-13.8 11.6-13.5 
PW 12.7 11.8 12.1 12.1 
P3-M4 L 82.1 
man. depth 35.0 
• data from Bartholomai (1973) 
Table 3.23. Comparisons of dimensions (mm) of lower teeth of the Monaro specimens of 
Protemnodon roechus/brehus with the observed ranges of P. roechus and P. brehus from the 
Dar1ing Downs (Bartholomai, 1973, tables 6 and 10). See Table 3.2 for statistical abbreviations. 
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Coefficients of Variation 
Maxillary samples Mandibular samples 
P. roechus P brahus Combined P. anak Mixed P. roechus P. brahus Combined P. anal< Mixed 
A B A+B c A+B+C D E D+E F D+E+F 
P3 L 3.89 2.78 3.22 3.77 5.51 4.77 4.85 5.76 5.07 6.59 
Max. w 4.78 5.00 5.11 8.13 10.52 8.32 6.84 7.58 6.83 13.72 
M1 L 4.14 5.05 4.54 5.81 7.94 5.09 6.75 5.85 6.23 7.77 
AW 2.35 2.39 2.43 4.82 10.68 4.09 5.15 5.36 3.99 9.74 
M2 L 3.62 3.83 3.82 4.45 8.76 5.67 5.65 5.64 5.38 9.08 
AW 3.57 2.82 3.76 4.57 11.37 4.46 5.72 5.19 4.00 9.85 
M3 L 4.49 3.34 4.98 4.04 8.76 5.34 4.57 5.12 4.37 8.99 
AW 2.25 2.87 4.46 5.23 10.94 4.16 3.20 3.88 3.94 9.70 
M4 L 3.87 3.27 4.27 5.08 9.05 3.50 4.47 3.91 4.25 9.25 
AW 3.52 2.89 5 .58 5.26 10.81 4.78 4.75 4.72 4.34 8.55 
Table 3.24. Coefficients of Variation (CV) for dimensions of maxillary and mandibular cheek 
teeth. CV's for samples of P. roechus (columns A and D) and P. brehus (columns Band E) as 
identified and listed by Bartholomai (1969) are shown, together with values for the same 
samples combined (columns A+ Band D + E). With the exception of P3 width, values are 
relatively low. cv·s for P. anak (columns C and F) and a mixed sample comprising P. roechus, P. 
brehus and P. anak (A + B + C and D + E + F) are also shown. The values for the mixed sample 
are relatively high as expected for a sample comprising more than one fossil species (see 
Simpson et al., 1960). 
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The taxonomic arrangement of modern species within the genus M aero pus accepted by 
Calaby and Richardson (1988) has been followed in this thesis. Fossil species not 
considered by them are also included (i.e. M. titan Owen and a new subspecies of M. 
agilis (Gould) described in this chapter). Species synonymies are not repeated here; they 
follow Calaby and Richardson (1988) for extant species and Bartholomai (1975) for 
fossil species. Where it has been necessary to refer to subgenera within Macropus for the 
Monaro species the subgeneric classification of Dawson and Flannery (1985) and 
Flannery (1989) has been followed, recognising the three subgenera; Macropus Shaw, 
Osphranter Gould and Notamacropus Dawson and Flannery. The arrangement adopted 
by these authors differs from that of Bartholomai ( 197 5) in an important respect in so far 
as the nomenclature of Monaro subgenera are concerned. At the generic level, they 
rejected Bartholomai's inclusion of Prionotemnus palankarinnicus Stirton within 
Macropus and,: hence, had to find a new name for the third subgenus which they called 
Notamacropus. Dawson and Flannery argued that all Macropus kangaroo and wallabies 
possess synapomorphies not possessed by the more primative P. palankarinnicus; in this 
they followed Sanson, 1978. I have accepted this conClusion and hence, have used 
Notamacropus for the third subgenus. 
It should be noted that the fossil species, M. titan, considered by some workers to be a 
subspecies of M. giganteus (e.g. Dawson and Flannery, 1985; Flannery, 1989) is 
recognised as being distinct from M.-giganteus. Therefore, fossil material from the 
northern Monaro region referred to M. titan is described in its own section (3.3.19), 
following M. giganteus. The justification for maintaining M. titan and M. giganteus as 
separate species is discussed in the section on M. titan. 
Subgenus Macropus Shaw, 1789 
,_ 
3.3.18. Macropus giganteus Shaw, 1790 
Introduction 
M. giganteus occurs at two sites within the Pilot Creek valley and at the Rock Flat Creek 
locality. Elsewhere in the Southern Tablelands it has been found in fossil deposits at 
Kybeyan Caves, Teapot Creek, Cunningham Creek, Sassafras and Yankee-Hat (Hope 
MS. nd). M. giganteus is common in the Monaro region today and has a widespread 
distribution in eastern Australia, extending from northern Queensland to Tasmania and 
westward into South Australia (Kirsch and Poole, 1972; Dawson, 1995). 
A number of biological phenomena (i.e. size dines and sexual dimorphism) are examined 
here in samples of modern M. giganteus to better understand the size variations observed 
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observed in some tooth dimensions in the fossil samples of M giganteus. They are 
described and discussed in a subsection of M giganteus, following the description and 
identity of the fossil samples. 
Material 
Pilot Creek - Poplars Site 
D48762.1, partial left and right maxillae, Pilot Creek, Poplars Site. 
D48706, left mandibular ramus with 11 - M2, juvenile, Pilot Creek, Poplars Site. 
D48707 .1 and .2, pair of mandibular rami with P2 - M2, Pilot Creek, Poplars Site. 
D48708, right mandibular ramus with 11 - Mi, Pilot Creek, Poplars Site. 
D48713 .3, right mandibular ramus with 11 - Mi, Pilot Creek, Poplars Site. 
D48747.1 and .2, cranium and left mandibular ramus, Pilot Creek, Poplars Site. 
D48749, right mandibular ramus, Pr~' Pilot Creek, Poplars Site (pair with D48762.2) 
D48759, right mandibular ramus with 11, P2, dP3 (P3 in crypt), M1, Pilot Creek, Poplars 
Site. 
D48762.2, left mandibular ramus with P2 - M3, Pilot Creek, Poplars Site (pair w!th 
D48749). 
D89061002, left mandibular ramus with P2 - M3, Pilot Creek, Poplars Site. 
Pilot Creek - T - Site 
D48772.1 and .2, partial left and right maxillae, and premaxillae, Pilot Creek, T - Site. 
D48788, upper right 12, Pilot Creek, T - Site. 
D48771.1 and .2, pair of mandibular rarni with 11 - M3 in crypt, Pilot Creek T - Site. 
D48791, partial left mandibular ramus with 11, P2, dP3, M 1, M2 in crypt, Pilot Creek, T -
Site. 
Rock Flat Creek 
RFMl + 2, pair mandibular rarni with 11, P2, dP3, P3, M1, Rock Flat Creek. 
RFM3 + 4, pair mandibular rarni with P3, M 1, M2, Rock Flat Creek. 
_ RFM5, left mandibular ramus with P2, dP3, P3, Mi, M2, Rock Flat Creek. 
Description and Identity 
The fossil material identified as M giganteus from Rock Flat Creek and Pilot Creek has 
been compared with samples of modem M giganteus from southeastern New South 
Wales, southern Queensland and Tasmania, together with other closely related species. -
The type locality for M giganteus is King's Plains, Cooktown, northern Queensland (see 
Calaby et al., 1962). 
Although morphologically indistinguishable fromMfuliginosus (Desmarest) when given 
only skeletal and dental material (see Kirsch and Poole, 1972; Peacock et al., 1981), 
they are considered here to be M giganteus from the modem distributions of the two 
species (Figure 3.4). However, it is possible that the palaeodistributions were different 
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and the identities of the species must remain uncertain until a means, applicable to 
fossils, of discriminating between the species is recognized. 
The specimens identified as M giganteus have features which are typical of the subgenus 
Macropus (which includes M giganteus, M fuliginosus, M titan, M pearsoni 
Bartholomai, and M munjabus Flannery) and which distinguish them from all other 
species in the genus Macropus. The most useful features of those defined by Dawson 
and Flannery (1985, p. 481) for the subgenus Macropus are: 11 with thick ventrolingual 
surface and enamel extending at least halfway up that surface and into the alveolus; 13 
with more than one buccal groove; P3 lacking a lingual cingulum; upper molars with 
strong forelinks and lacking any preparacristae; and lower molars with posterior face of 
hypolophid either grooved, pitted or with a fossa (hypolophid forms are defined in 
section 3.2.3). 
~TAS 
EASTERN GREY KANGAROO 
[[]]] main distribution 
__,,. limits of distribution 
WESTERN GREY KANGAROO g main distribution 
__;,. limits of distribution 
Figure 3.4. Distribution of M. giganteus and M. fuliginosus across Australia (taken fr9m 
· Dawson, 1995b, fig. 2.2). 
Dimensions of the cheek teeth of M giganteus from the northern Monaro sites are 
shown in Tables 3.25 and 3.26. Incisor dimensions are shown in Table 3.27. 
Upper incisors (D48762, D48772, D48747) have 11 with a smooth buccal surface, 12 
with a single buccal groove forming two lobes, and a large 13 with two buccal grooves 
forming three lobes. The length of the most posterior lobe on 13 is greater than the length 
of the middle and anterior lobes combined, a feature characteristic of modem M 
giganteus. 
The in:fraorbital foramina are variable in form and number. Generally there is a single 
foramen positioned on the lateral side of the skull above the most anterior cheek tooth. 
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However, the T-Site specimen D48772.2 has two foramina 2.5 mm apart on the right 
side positioned anteroposterior to each other, the larger being anterior. There is one 
foramen on the left side. A left maxilla, D48762, from Poplars Site also has two 
foramina, but positioned dorsoventral to each other, the larger being above the smaller. 
On all modern M. giganteus and other Macropus spp. examined only one infraorbital 
foramen is present on each side. 
The morphology of the upper premolars is indistinguishable from the modern sample of 
M. giganteus examined in this study and from descriptions given by Bartholomai 
(197lb). The only variation observed is that D48772 from T-Site has a small 
posterobuccal cuspule on upper F2. This cuspule is very occasionally found in modern 
M. giganteus (see below, and discussion of M. titan). 
The upper molar gradient is M1<M2<M3<M4. The anterior cingula are moderately broad 
bucco-lingually and short antero:-posteriorly. The upper molars have a high forelink: from 
the protocone to near the midline of the precingulum. They have a high midlink. On 
. D48762 on M4 there is a small accessory spur on the buccal side of the midlink in the 
interloph valley. Upper molars have a strong ridge from the metaconule ascending 
posterobuccally across the back of each molar, forming a deep posterior fossa. 
-
There are twelve mandibular specimens from Pilot Creek and five from Rock Flar-Creek 
identified as M. giganteus. The mandibles have a relatively elongate diastema and are 
deep (dorsoventrally), have arched alveolar margins to the cheek teeth and have-a genial 
pit. The morphology of the region around the coronoid process, digastric process, 
massenteric crest and fossa, and pterygoid fossa, although only partially preserved on 
many specimens, are similar to the sample of modem M. giganteus examined. 
Lower incisors have both dorsal and ventral enamel flanges and enamel distribution_ 
indistinguishable from modem M. giganteus. 
', 
The lower P2 shows variation in the length/width ratios (Tables 3.26) and in the degree of 
development of the small cuspule on the anterior ridge from the anterior cuspid. Apart 
from these features the P2 together with dP3 and P3 are similar to the sample of modem 
M. giganteus examined. 
The lower molar gradient is M1<M2<M3<M.i in all specimens. Generally the protolophid 
is narrower than the hypolophid in M1 and equal in M2• There are no fully erupted M3 or 
M4• Molars have a well developed high forelink and a midlink of approximately equal 
length. The anterior cingulum is wide and long. The posterior face of the hypolophid has 
a vertical groove positioned just lingual of the midline. 
Biometric studies further support the identifications as M. giganteus. The upper and 
lower tooth dimensions of the fossil M. giganteus from Rock Flat Creek and Pilot Creek 
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are within the observed range of the modern sample of M. giganteus from southeastern 
New South Wales (Tables 3.25 and 3.26). The only exceptions are lower incisor depth, 
which for three Poplars Site specimens (048708, 048749 and 089061002) is 
significantly larger, and lower P2 and dP3 dimensions for specimens 048706 and 
048707, but all lie within the observed ranges of these parameters in the modern species 
as a whole (see temporal and geographic size changes below). 
Temporal and Geographical Clines in M. giganteus 
An analysis of the size differences observed within the fossil and modern samples of M. 
giganteus was undertaken. Initial observations indicated that modern M. giganteus from 
New South Wales are smaller than those from Tasmania, and that there were considerable 
variations in lower incisors in fossil M. gigante-us. The differences in size could be a 
reflection of environmental changes with time. 
Evidence for climatically induced clines 
Several studies in Australia describe the relationships between size, latitude and 
environmental parameters (including temperature) in M. giganteus (e.g. Marshall, 1972; 
Flannery, 1981; Yom-Tov and Nix, 1986). Marshall (1972) compared molar dimensions 
from samples of M. fuliginosus from Kangaroo Island, M. giganteus from near 
Melbourne in Victoria, M. fuliginosus from the 'Mallee' region, and M. giganteus from 
Queensland. Marshall (1972) found a north-south size cline existed correlating with 
latitude, and proposed an inverse relationship between body size (based on tooth size) 
and temperature (using a mean annual temperature gradient). Flannery (1981) used 
modern M. giganteus from 'all over Victoria' and Tasmania, as well as M. fuliginosus 
from Kangaroo Island and southwestern W.A. together with numerous fossil samples of 
M. titan (cited as M. giganteus) to examine temporal and geographical size changes. 
Yom-Tov and Nix (1986) found body size (using skull and body dimensions and weight) 
correlated with climatic parameters in five modern species of mammals, including M. 
giganteus, Tachyglossus aculeatus, Trichosurus vulpecula, M. fuliginosus, and M. 
rufus. Their study examined many climatic variables using large samples but did not 
specify the locations of samples. Poole (1982) reports a cline in M. giganteus using fur 
length, density and colour, with northern M. giganteus generally having shorter, paler fur 
while those in the southern highlands and Tasmania have darker, denser, and longer fur 
(Poole, 1982). The occurrence of these clines reflects Bergmann's Rule, which states that 
' ... races from cooler climates tend to be larger in species of warm-blooded vertebrates 
than races of the same species living in warmer climates .. .' (see Mayr, 1963, p. 319). 
None of the previous studies included tooth data from the cold areas of the Monaro 
region, which has a lower mean temperature than many sites further south. The 
observation concerning incisor depth and premolar dimensions of Monaro fossil 
specimens opens the possibility that similar clinal variation is reflected in dental 
dimensions. The three larger lower incisors (incisor depth= 10.5, 10.5, 10.6 mm) are 
outside the observed range for M. giganteus from the region (8.5 to 10.1 mm). However, 
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a sample of M. giganteus from Tasmania has a range of 8.8 to 10.8 mm (Table 3.27), 
thus although the three specimens from Poplars Site are still within the size range for the 
species, they are extreme examples when compared with the modern M. giganteus sample 
from the southeastern New South Wales region. The larger premolar dimensions (Table 
3.26) are also within the observed ranges for modern Tasmanian M. giganteus (Appendix 
B.14). 
To test if there is a relationship between tooth size and temperature two sets of data of 
modern M. giganteus dimensions have been used: 'lower incisor depth' and 'molar 
width'. Lower incisor dimensions are shown in Table 3.27 and Figure 3.5, and molar 
dimensions are shown in Figure 3.6. The dimensions of lower incisors have been 
measured in this study from samples of M. giganteus from near St George in southern 
Queensland (latitude 280), near Cooma in southeastern New South Wales (latitude 360), 
and near Launceston in northeastern Tasmania (latitude 410). The data sets for molar 
width comprise eight dimensions (upper M14 and lower M1_4), from samples of modern 
M. giganteus from near Warwick in Queensland (data from Bartholomai, 1971b, table 1), 
from near Cooma in southeastern New South Wales (this study, Appendix B.13), from 
Victoria (data from Flannery, 1981, table 1) and from eastern Tasmania (this study, 
Appendix B.14). 'Molar anterior width' is used in preference to 'molar length', because 
width is not effected by molar progression and subsequent age related crowding. Molar 
width is also highly repeatable during measuring, thus keeping to a minimum any error 
introduced by incorporating measurements taken by different researchers. Sex was also 
recorded for the various modern samples. 
Geographic Clines 
From the lower incisor data (Figure 3.5), M. giganteus from the three sampled areas are 
not statistically significantly different, but, a general trend is observed which shows that 
M. giganteus from southeastern Queensland on average (indicated by mean value) have 
smaller incisors than those from southeastern New South Wales which in turn are smaller 
than those from Tasmania. The greatest differences are seen in males from each region, 
with Tasmanian males having the largest incisors (Table 3.26). Therefore, the lower 
incisor dimensions in modern M. giganteus used in this study appear to be reflecting a 
north-south size cline, supporting previous studies of other dimensions. 
From all eight molar dimensions used, the most northern sample (latitude 28°) shows the 
smallest means, followed by the Victorian sample (latitude 37-38°), then the New South 
Wales sample (latitude 360), with the Tasmanian sample (latitude 410) having the largest 
means. Although not statistically significantly different, the general size cline seen in 
lower incisor size (described above) is also reflected in molar dimensions from the sample 
areas. However, the inclusion of the Victorian sample shows that there is no simple 
correlation between size and latitude, with the Victorian sample being smaller than the 
more northern New South Wales sample. 
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Table 3.28 shows environmental parameters (e.g. mean daily temperature) for the nearest 
meteorological station to each sampling area (data from Bureau of Meteorology, 1988). 
The smallest mean molar widths and incisors are from Queensland which has the highest 
mean daily temperatures, while the lowest values are from Tasmania and southeastern 
New South Wales which have the lowest mean temperatures. The lower mean molar 
widths for the Victorian sample relative to the larger more northern New South Wales 
sample may be explained by the differences in temperature. These results may be 
anticipated from Bergmann's Rule. 
Temporal Clines 
Data of fossil M. giganteus from three dated sites in the northern Monaro region is used 
to address the question of size change through time. Fossil M. giganteus tooth 
dimensions from T-Site (dated at c. 11 ka), from Rock Flat Creek (dated at c. 7 ka), from 
Poplars Site (dated at 4.5 ka), and a modem sample from the region are used (see Chapter 
4 for details of dates). 
The dated samples from the three Monaro sites (T-Site, Rock Flat Creek, Poplars Site) 
are too small to be compared statistically with each other (Tables 3.25 and 3.26), but 
indicate there is no evidence of a progressive size change from larger to smaller animals 
through time from oldest (T-Site sample) to most recent (modern sample). The 
dimensions from the older specimens from T-Site and Rock Flat Creek are well within the 
size variation observed in modem M. giganteus from southeastern New South Wales, as 
are all but two dimensions (lower incisor width and premolar width) from the sample 
from Poplars Site (see discussion above). 
Sexual Dimorphism 
Previous studies examining sexual dimorphism in M. giganteus do not incorporate incisor 
dimensions. Bartholomai (1971b) used premolar and molar dimensions collected from a 
large sample of M. giganteus from Warwick, southeastern Queensland and found sexual 
dimorphism expressed in most dimensions analysed Poole (1982) used weight and body 
measurements of live animals and found sexual dimorphism is apparent in M. giganteus. 
Y om-Tov and Nix (1986) document size differences between males and females in 
several species including M. giganteus, using body weight and skull and body 
parameters. 
In this study the lower incisor data from the three sexed samples of M. giganteus were 
analysed by testing the significance in size differences between males and females using a 
Student T-test (unpaired 2-tail). Results are summarised in Table 3.27 (see Appendix 
B.12 fo~ details). Lower incisors of males and females are not statistically significantly 
different (p > 0.05) for the samples from Queensland and New South Wales, but are for 
the Tasmanian samples (Table 3.27). 
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Macropus glganteus maxillary tooth dimensions 
Monaro Fossil Material Modern M. glganteus 
Poplar a Pop Iara T·Slte Sample from SE New South Wales 
048747.1 048762.1 048772 N Rans• Mean SD CV 
L R L R L R 
11 length - 5.7 
12 length 5.7 5.4 
13 length 10.8 - 13.7 
- 11.6 11.6 
p2 L 7.0 6.8 7.0 3 6.9 - 7.6 7.2 0.36 5.01 
AW 3.4 3.5 3.8 3 3.6 -3.9 3.7 0.17 4.68 
PW 5.0 4.5 4.3 3 4.8 -5.2 5.0 0.21 4.14 
dP3 L 8.4 8.5 8.3 8.4 8.7 8.8 4 8.1 - 9.5 8.9 0.60 6.74 
AW 6.8 6.8 6.6 6.6 6.6 7.1 4 6.3 - 7.2 6.7 0.37 5.48 
PW 7.0 6.8 7.0 7.4 7.8 7.1 4 6.8 - 7.6 7.2 0.33 4.61 
p3 L 4 6.5 - 7.6 7.1 0.46 6.42 
AW 4 2.9 -3.2 3.1 0.75 4.88 
PW 4 4.1 - 4.8 4.6 0.33 7.29 
M1 L 10.0 10.0 10.2 10.1 10.4 10.4 18 9.1 - 11.2 10.4 0.59 5.69 
AW 7.8 7.7 7.6 7.7 8.0 8.3 18 7.5. 9.6 8.4 0.57 6.78 
PW 8.0 8.0 8.1 8.1 7.8 8.1 18 7.8 -9.6 8.5 0.42 4.99 
M2 L 11.1 11.2 11.7 11.7 11.9 11.9 19 10.4 -12.8 11.6 0.57 4.89 
AW 8.7 8.7 8.9 9.1 9.1 9.2 19 8.3 -9.8 9.1 0.39 4.38 
PW 8.7 8.6 8.8 8.8 9.0 8.8 17 8.5 -9.9 9.2 0.39 4.29 
M3 L 13.1 12.6 13.3 13.5 17 11.7-14.3 13.0 0.78 5.99 
AW 9.0 9.4 9.5 9.8 17 9.1 -10.8 9.8 0.44 4.51 
PW 9.2 9.5 9.6 17 9.0 -10.6 9.8 0.43 4.38 
M4 L 13.9 - 12 12.8 -15.2 13.6 0.72 5.29 
AW 9.6 12 9.1 -10.9 10.1 0.55 5.41 
PW 9.5 12 8.7 -10.2 9.4 0.53 5.59 
Table 3.25. Dimensions (mm) of upper teeth of the Monaro fossil specimens of M. giganteus 
from Pilot Creek Poplars Site and T-Site and a sample of modern M. giganteus from 
southeastern New South Wales. See Table 3.2 for statistical abbreviations. 
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Macropus giganteus mandibular tooth dimensions 
Pilot Creek mandibles Rock Flat Creek mandibles Modern M. glganteus 
048706 048707 048708 048749 048762 089061002 048771 Sample from SE New South Wales 
jT-Site) RFC1 RFC2 RFC3 RFC-4 RFC5 N Range Mean SD CV 
L R L R 
11 depth 9.4 - - 10.5 10.6 - 10.5 9.6 9.7 - - - - 19 8.5-10.1 9.3 0.50 5.39 
P2 L 7.1 - 7.4 6.6 6.4 6.3 6.5 - 5.6 5.9 6.0 - 6.0 6.0 3 5.6 - 6.9 6.2 0.66 10.8 
AW 2.8 - 2.9 2.9 2.7 2.7 2.6 - 2.7 2.9 2.8 - - 3.1 3 2.7-3.3 2.9 0.26 9.12 
PW 4.0 - 4.4 3.7 4.1 3.8 3.7 - 3.7 3.2 3.2 - 3.5 3.7 3 3.4 - 3.8 3.7 0.23 6.30 
dP3 L 9.5 - 9.4 9.0 8.8 8.7 9.0 8.6 8.6 8.0 8.1 - 9.1 9.2 3 8.6-9.1 8.8 0.27 3.01 
AW 5.1 - 5.5 5.0 5.6 5.1 5.4 4.8 5.5 4.6 4.5 - 5.3 5.4 3 4.8 - 5.3 5.1 0.26 5.19 
PW 5.9 6.2 6.4 6.0 6.2 5.9 5.9 5.2 5.6 5.5 5.4 - 6.1 5.9 3 5.6 - 6.4 6.1 0.42 6.86 
P3 L - - - - - - - - - 6.8 6.8 5.7 5.7 5.9 6 5.4-7.1 6.2 0.67 10.80 
AW - - - - - - - - - - - - - - 6 2.4 - 3.0 2.7 0.23 8.53 
PW - - - - - - - - - - - - - - 6 3.3 - 4.3 3.7 0.36 9.68 
8IM1 L 11.7 - 11. 7 10.6 10.5 10.7 11 .2 10.1 10.4 9.2 9.2 10.4 11 .0 11.3 18 9.7-12.3 10.6 0.60 5.66 
AW 6.5 - 6.8 6.5 6.8 6.5 6.7 6.1 6.5 6.0 5.9 6.6 6.4 6.7 18 6.0 - 7.4 6.7 0.41 6.18 
PW 6.7 - 7.5 6.7 6.9 6.6 7.2 6.7 6.9 6.2 6.1 6.6 6.7 6.6 18 6.5 - 8.0 7.1 0.39 5.43 
('") 
M2 L - 13.1 - 12.3 12.7 - 12.1 12.5 - - 11.7 12.3 13.3 20 10.8 - 13.3 11 .9 0.69 5.83 ~ AW - 7.9 - - 8.1 7.9 - 7.6 7.7 - - 7.2 7.4 - 20 7.1 - 8.5 7.7 0.37 4.85 PW - 7.9 - - 7.7 7.2 - 7.3 7.2 - 7.2 - - 18 7.1-8.3 7.8 0.32 4.13 
M3 L - - - - - - - - - - - - - - 18 12.0 - 14.8 13.1 0.78 6.01 ~ 
AW - - - - 8.7 8.7 - - - - - - - - 18 8.1-9.5 8.5 0.38 4.42 ~ 
PW - - - - - - - - - - - - - 18 7.4 - 8.8 8.1 0.43 5.21 i! 
<:) 
M• L - - - - 15.3 - - - - - - - - 13 12.3 - 15.3 13.9 0.85 6.15 "'l'J 
AW - - - 8.9 - - - - - - - - 13 7.7 - 9.4 8.5 0.52 6.1 8 ~ ;,. 
PW - - - - 8.0 - - - - - - 12 7.0 - 8.6 7.8 0.61 7.87 :?.. 
).. 
Table 3.26. Dimensions (mm) of lower teeth of the Monaro fossil specimens of M. giganteus from Poplars Locality (048706-089061002), T-Site (048771 i L+R) and Rock Flat Creek Site (RFC1-5) and a sample of modern M. giganteus from southeastern New South Wales. See Table 3.2 for statistical -abbreviations. 
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Figure 3.5. (A) Modern M. giganteus sample locations and (B) corresponding lower incisor 
dimensions (combined sexes) showing a north-south size cline. 
Lower Incisor depth Student T-test 
N Range M SD CV t p Sign If. 
(i) southern Queensland (lat. 28°) 
male 10 8.4. 9.7 9.0 0.48 5.27 0.61 0.546 NS 
female 25 8.3. 9.7 9.0 0.35 3.86 
combined 35 8.3. 9.7 9.0 0.38 4.26 
(ii) southeastern New South Wales (lat. 36°) 
male 12 8.5-10.1 9.3 0.48 5.18 0.28 0.785 NS 
female 5 8.7. 10.1 9.3 0.53 5.75 
combined 19 8.5. 10.1 9.3 0.50 5.39 
(iii) northeastern Tasmania (lat. 41 o) 
male 8 9.5. 10.8 10.1 0.49 4.91 3.76 0.002 s 
female 9 8.8. 9.8 9.3 0.37 3.93 
combined 17 8.8. 10.8 9.7 0.58 6.02 
Pilot Creek Poplars Site (lat. 350) 
4 9.4. 10.6 10.3 0.57 5.55 
Pilot Creek T-Site (lat. 350) 
2 9.6. 9.7 9.7 
Table 3.27. Lower incisor depth (mm) of male and female modern M. giganteus from southern 
Queensland, southeastern New South Wales and Tasmania, and fossil M. giganteus from Pilot 
Creek. Student T-test results are for male:female at each site (NS= P > 0.05) . 
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Figure 3.6. Graphs showing (A) upper and (B) lower cheek teeth of samples of modern M. 
giganteus from Queensland (data from Bartholomai, 1971b), New South Wales (data from this 
study), Victoria (data from Flannery, 1981 ), and Tasmania (data from this study). 
Sampling Area Latitude Altitude Mean dally Mean 
(Meteorological Station) Temperature 
Rainfall 
(approx.) (m ASL) (degrees C) (mm/year) 
SE Queensland, 
(Warwick) 28.o0 477 17.4 706 
(St George) 28.o0 201 20.7 517 
SE New South Wales 
(Cooma) 36.00 850 11.6 531 
S Victoria, 
(Seymour) 37.o0 142 14.3 597 
Tasmania 
(Launceston) 41.5° 107 12.3 714 
Table 3.28. Environmental parameters for the nearest meteorological station to each M. 
giganteus sampling area including altitude, mean annual temperature, and mean annual rainfall. 
(data from Bureau of Meteorology, 1988). 
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Family Macropodidae Gray, 1821 
Subfamily Macropodinae (Pearson, 1950) 
Genus Macropus Shaw, 1789 
Subgenus Macropus Shaw, 1789 
3.3.19. Macropus titan Owen, 1838 
Introduction 
Macropus titan is the most common species represented in the northern Monaro faunal 
assemblages. Twenty four specimens have been recovered from the Late Pleistocene Pilot 
Creek Formation, three recovered from Bunyan Siding in the Middle Pleistocene Jilliby 
Formation, and one from Site 4 at the undated Bulong locality. M. titan occurs in fossil 
sites, undated but associated with other large Pleistocene species, in the Southern 
Tablelands region at Teapot Creek, Jincumbilly and Michelago Caves (unpublished data), 
and at Wombeyan Caves and Wee Jasper Caves (Hope, MS. nd). 
M. titan has a widespread distribution being reported from many Pleistocene fossil 
localities across southern Australia, the larger collections being from Wellington Caves 
(Dawson, 1982a, 1985), the Darling Downs region (Bartholomai, 1975), Bingara 
(Marcus, 1976), the Lake Victoria region (Marshall, 1974), Lancefield Swamp (Gillespie 
et al., 1978), Spring Creek (Flannery and Gott, 1984), Naracoorte Caves (Wells et al., 
1984), and Madura Cave (Lundelius and Turnbull, 1989). The type locality for M. titan is 
Wellington Caves (see Mahoney and Ride, 1975). 
The similarities in morphology and differences in size between M. titan and M. giganteus 
have left doubt as to whether M. titan and M. giganteus are conspecific. Some researchers 
consider M. titan a subspecies of M. giganteus, (e.g. Flannery and Archer, 1982; 
Flannery and Gott, 1984; Dawson, 1985; Dawson and Flannery, 1985; Flannery, 1989; 
Flannery, 1990). Others have maintained specific ranking for M. titan recognising several 
morphological differences from M. giganteus together with size differences, and 
maintained M. titan as a distinct species (e.g. Bartholomai, 1975; Wells et al., 1984; 
Murray, 1984, 1991; Lundelius and Turnbull, 1989; Ride, et al. 1989; Tedford and 
Wells, 1990; Dansie, 1992; Tedford, 1994). The problem is compounded by the 
possibility that samples of M. titan could be heterogeneous (Marshall, 1972), given that 
the similar extant species M. fuliginosus and M. giganteus are indistinguishable 
morphologically from each other, only being separated by serological studies (Kirsch and 
Poole, 1972) and DNA sequence studies (Peacock et al., 1981). 
Here the issue of discrimination between M. titan and M. giganteus is re-examined using 
new data from the Monaro. Comparisons are made between the morphology and size of 
Monaro M. titan with a sample of M. giganteus from southeastern New South Wales 
encompassing the Monaro region. Comparisons are also made with other M. titan 
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samples from various Pleistocene localities (e.g. Darling Downs, Wellington Caves, Lake 
Victoria, Lancefield Swamp, and Spring Creek). 
Material 
Pilot Creek 
D48798, partial left maxilla with M24, Pilot Creek, Blue Tooth Corner Site. 
D48812, partial right maxilla with d.P3, Mi-3, p3 in crypt, Pilot Creek, Briar Bush Site, 
(Plate 3.6, fig. 4). 
D48825, left mandibular ramus fragment with unerupted P3 in crypt, roots of dP3, Mi_2, 
M3 in crypt, Pilot Creek, Elderberry Site. 
D48829, upper right I3, Pilot Creek, Red Bluff Site. 
D90030305, upper left and right Ii-3, right F2, F3, Mi-2, left F3, M2, Pilot Creek, Plastic 
Bag Site. 
D90120906, palate with right F3, left and right Mi4 , Pilot Creek, Briar Bush Site, (Plate 
3.6, fig. 3). 
D94081501, upper left and right ?M3, Pilot Creek, opposite Diprotodon Peg Site. 
D48789, part of left lower incisor, Pilot Creek, doubtfully Thylacine Creek. 
D48801, partial left mandibular ramus of juvenile with Ii. roots P2, dP3, Mi. Pilot Creek, 
Briar Bush Site. 
D48807, fragmented left mandibular ramus with P2, dP3, Mi in plaster support, Pilot 
Creek, Red Bluff Site. 
D48808, pair of left and right lower incisors, Pilot Creek, Red Bluff Site. 
D48809, (pair with D48848), right lower incisor, Pilot Creek in Pilot Creek Formation, 
site uncertain. 
D488 l l, left lower incisor, Pilot Creek in Pilot Creek Formation, site uncertain. 
D48820, partial right mandibular ramus of very old animal with worn Ii. M2-4• Pilot 
Creek, Deep Pool Site. 
D48832, left lower M3 or ~. unworn, Pilot Creek, Main Datum Site. 
D48848, (pair with D48809), left lower incisor, Pilot Creek, Rat Hole Site. 
D90030303, partial left mandibular ramus broken across coronoid process, M3, ~. Pilot 
Creek, Rat Hole Site, (Plate 3.7, figs 2a, 2b). 
D90030308, left and right mandibular rami with Ii. dP3, P3 in crypt, Mi-2. Pilot Creek, 
Deep Pool Site. 
D92012201, part of lower ?P3, complete Mi and M2, Pilot Creek, Plastic Bag Site in 
scree below D90030305. 
D92020105, left lower incisor, Pilot Creek, Deep Pool Site. 
D92020112, partial left mandibular ramus with Ii. Mi_3, Pilot Creek, Deep Pool Site. 
D92020114, lower left P3, associated with D92020112, Pilot Creek, Deep Pool Site. 
D92093005, partial left mandibular ramus, Pilot Creek, Lucky Red Robin Site, (Plate 
3.7, figs 3a, 3b). 
D92093006, partial left mandibular ramus, Pilot Creek, Lucky Red Robin Site, (Plate 
3.7, figs la, lb). 
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Bunyan Siding 
D92092()()1, right maxilla with M2-4, Bunyan Siding, Jilliby Formation. 
D48941, right mandibular ramus with worn incisor, M2_4, Bunyan Siding, Jilliby 
Formation, (Plate 3.8, figs la, lb). 
D90121501, left lower incisor, Bunyan Siding, Jilliby Formation. 
Bulong 
D91ll1005, right unworn lower incisor and associated humerus and rib, Bulong. 
Identity 
Direct comparisons have been made between the northern Monaro sample identified as M. 
titan and samples of M. titan from the type locality at Wellington Caves in New South 
Wales, from the Darling Downs in southern Queensland, from Lancefield Swamp and 
Spring Creek in Victoria, and from the southern Monaro region, as well as specimens of 
other closely related species, in particular with M. giganteus. 
M. titan is one of the large species of Macropus, together with M. munjabus Flannery, 
M. pearsoni Bartholomai, M. pan De Vis, and M. ferragus (Owen). M. titan from the 
Monaro is distinguished from these other forms as follows. It differs from M. munjabus 
known from Morwell, Victoria, which has a larger M3:M4 lower molar ratio (M. 
munjabus = 1.22, M. titan from northern Monaro = 1.05) and one groove, not three, on 
the buccal surface of the upper third incisors (see Flannery, 1980). Its molars differ from 
M. pearsoni (Bartholomai, 1975; Flannery and Archer, 1982) and M. pan (Bartholomai, 
1975; Flannery and Archer, 1982; Flannery, 1984), by having a narrower and shorter 
anterior cingulum, and lacking the large gaping diagonal posterior cingulum. A vertical 
plate in the interloph valley of anterior molars in M. pan mentioned by Marshall (1972, p. 
305) is absent on the M. titan specimens. The northern Monaro M. titan differs from M. 
ferragus by being not as large (e.g. M4 length for M. titan is 17.0 - 18.5 mm, and for M. 
ferragus is 19.4 - 22.4 mm). I have not found the narrower width of the ramus anterior to 
the cheek teeth in M.ferragus (see Bartholomai, 1975) to be a consistent difference. 
Morphological Descriptions 
In the northern Monaro sample there are several specimens with associated left and right 
tooth rows, but no associated upper and lower teeth rows. 
Premaxillary Dentitions 
Upper incisors are represented by specimen D90030305, which has the full compliment 
of upper incisors preserved although not attached to the premaxilla, and by a second 
specimen D48829, which is an upper right I3• They are indistinguishable in morphology, 
although slightly larger, than upper incisors of M. titan examined from Wellington Caves 
(e.g. AMF47086, AMF30530). The I1 has a smooth buccal surface and point on the 
mesial tip formed by attritional wear facets. The 12 has one buccal groove and a deep 
posterior groove which forms a v-shape notch. The 13 has two buccal grooves positioned 
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well forward and a large inflated third lobe. The definition of the three lobes is less well-
developed on the I3 of D48829, but is otherwise similar to D90030305. 
Maxillae 
The right maxilla from Bunyan Siding, specimen D92092601, has two infraorbital 
foramina, one above the other separated by bone 2.0 mm thick and continuous for a 
length of some 15 mm at which point the two foramina appear to merge. Two fossil 
specimens of M. giganteus described in the previous section (3.3.18) also have two 
infraorbital foramina per side. There are no other specimens from any of the northern 
Monaro sites which preserve that part of the skull so the feature cannot be examined 
further. All modern M. giganteus examined from the region have a single large 
infraorbital foramen on each side. Bartholomai (1975) and Dawson (1982a) do not 
mention there being more than one foramen in the large samples of M. titan from the 
Darling Downs and Wellington Caves respectively. 
Maxillary Dentitions 
The upper F2•s, (048812 and D90030305) are subrectangular in occlusal view, have 
bifid longitudinal crests, and have poorly developed lingual cingula. A well-defined 
posterobuccal cuspule occurs on both specimens (see Plate 3.6, fig. 4). The extra cuspule 
on upper p2 is found on almost all M. titan examined from the large collections from 
Darling Downs, Wellington Caves and Lancefield. In contrast, the extra cuspule is very 
rarely seen in modern M. giganteus, making this feature one of the discriminating 
features, although not conclusively so, between the two species. 
The upper dP3 (048812) is molariform, has a well-developed forelink and midlink, and 
has a relatively wide anterior cingulum. The upper p3 is preserved on three Pilot Creek 
specimens, D90030305 (left and right), D48812 and D90120906. It has a triangular 
shape in occlusal view with a bifid longitudinal crest running from the paracone to the 
metacone dipping deeply between the cusps. The posterolingual cusp is low and is joined 
to the metacone by a low ridge. There is no posterolingual cuspule on the upper p3, 
unlike the upper F2, and there is no lingual cingulum. 
The upper molar gradient is M1 <M2 <M3 <M4• The anterior cingula are moderately broad 
buccal-lingually and short anteroposteriorly. On the lingual side of the forelink the 
anterobuccal cingulum generally slopes steeply toward the base of the protocone, 
becoming progressively steeper in each molar moving posteriorly along the tooth row. 
The Bunyan Siding specimen (D2092601) has wider anterior cingula compared with the 
Pilot Creek specimens. All upper molars have a well-defined high forelink and high 
midlink. Specimen D94081501 from Pilot Creek, has an accessory forelink slightly 
buccal to the midline of the tooth. Occasional weak accessory forelinks and midlinks in 
M. titan are noted by Bartholomai (1975) and Dawson (1982a) on M. titan from the 
Darling Downs and Wellington Caves respectively. Accessory spurs from the midlink to 
the buccal side and occasionally lingual side are on most Monaro upper molars (e.g. see 
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Plate 3.6, fig. 3). Many of the M. titan specimens examined by me from Lancefield 
Swamp have lingual accessory spurs. 
Mandibles 
The mandibles have elongate diastema with a raised ridge on the dorsobuccal side at the 
incisor junction and a shallow groove on the buccal side below the most anterior cheek 
teeth, features also seen in M. giganteus. The rami are generally deep dorsoventrally and 
have arched cheek tooth alveolar margins. All but one very worn specimen (D48820) has 
a genial pit. Specimen 048941 from Bunyan Siding has a wide crest along the anterior 
edge of the pterygoid fossa leading from the anterior of the inflected angle which is wider 
than all other M. titan from the study area. It is a typical specimen of the species in all 
other respects. 
Mandibular Dentitions 
Lower incisors, many found as isolated specimens, occur at Bulong, Pilot Creek and 
Bunyan Siding. They have both dorsal and ventral enamel flanges, with the enamel 
covering all of the buccal surface and extending over the lower two-thirds of the lingual 
surface, typical of M. titan and M. giganteus. Striations on the ventrobuccal surface are 
accentuated in many of the M. titan specimens (e.g. 048801). 
Two specimens, 048820 and D92020112, from Pilot Creek (Deep Pool Site) differ from 
all others by having the buccal enamel surface terminating in a sinuous line at the alveolus 
edge, not continuing into the alveolus as in other specimens of M. titan and in M. 
giganteus, a feature Dawson (1982a) considers diagnostic for species in the subgenus M. 
(Macropus). 048820 is from a very old animal and the variation may be attributed to age, 
but D92020112 is a young animal. The identification of these two specimens as M. titan 
is tentative for this reason. 
The lower P2, preserved only on specimen 048807, is typical of those of M. titan. It is 
subtriangular in occlusal view. It has a large anterior cuspid with a sharp crest running 
anteriorly, and a longitudinal crest joining with the posterobuccal cuspid. A 
posterolingual cuspid is linked to the posterobuccal cuspid by a broad crest. 
DP3 is molariform, with the protolophid narrower than the hypolophid. It has a broad 
long anterior cingulum and a small posthypolophid fossa. 
There are three unerupted lower P3 and one erupted P3 all from Pilot Creek. The P3 on 
specimen 090030308 has a crest from the anterior cuspid to the posterobuccal cuspid 
which dips slightly between the cuspids appearing as a moderately high trifid crest. 
Specimens 048825 and D92020112 have poorly developed longitudinal crests and have 
two large rounded cuspids, the posterior one joined to a third lingual cuspid. Bartholomai 
(1975) describes similar variations in premolars in Darling Downs M. titan. 
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The lower molar gradient is M1<M2<M3~. There is a considerable degree of variation 
in lower molar forms, particularly in the width of the anterior cingula and the presence or 
absence of accessory spurs in the interloph valleys. The anterior cingulum is rather 
variable and ranges from being as wide as the protolophid (e.g. D92093006, Plate 3.7 
fig. la) to being two-thirds the width. The Bunyan Siding specimen, D48941, has 
narrow anterior cingula relative to the Pilot Creek sample. D92093006 from Pilot Creek 
has an abnormal extra fold of enamel on the anterior cingulum on the buccal side of M4 
(see Plate 3.7, fig. la). Accessory spurs extending from the midlink into the interloph 
valley are common, in all cases toward the lingual side, occurring on the Bunyan 
specimen D4894 l and the Pilot Creek specimens, D92020112, D90030308 (left side 
only), and D92093005 (Plate 3.7, fig. 3a). 
Lower molars generally have a rounded deep posthypolophid fossa off-set slightly lingual 
of the midline of the tooth. Specimens of M. giganteus from southeastern New South 
Wales differ from M. titan by lacking the deep posthypolophid fossa, instead having a 
vertical groove, occasionally forming a pit but often very shallow near the midline or 
slightly lingual to it. These differences in posthypolophid development between M. titan 
and M. giganteus were also observed by Bartholomai (197lb, 1975) in Queensland 
samples of M. titan andM. giganteus and by Dawson (1982a, table 11.6) in Wellington 
Caves samples of M. titan. 
In summary, the main morphological differences between the northern Monaro M. titan 
specimens and the modem M. giganteus sample are: (1) upper p2 morphology (presence 
ofposterobuccal cuspule in M. titan; absence in M. giganteus); (2) molar accessory spurs 
(common in M. titan, rare in M. giganteus); and (3) the form of the posthypolophid 
surface (deep rounded fossa in M. titan, shallow groove or pit in M. giganteus). The 
morphological differences are not consistently unique to either species, but, together with 
size comparisons, enable separation. 
Size Comparisons of Teeth 
Dimensions of fossil M. titan from the northern Monaro region are shown in Tables 3.29 
to 3.31. The dimensions of the Pilot Creek sample are statistically summarised in Table 
3.32. The size differences between M. titan and M. giganteus are illustrated in Figure 3.7 
and Figure 3.8. 
From the scatter plots in Figure 3.7 and Figure 3.8 the Pilot Creek M. titan consistently 
cluster together, and away from the modem M. giganteus sample for both upper and 
lower molar dimensions. The Bunyan Siding M. titan (one maxilla and one mandible) are 
more variable than the Pilot Creek sample with the upper molar teeth being as wide but 
not as long as M. titan from Pilot Creek. However, the maxilla (D92092601) has 
advanced wear and molar progression which may account for the shorter molar lengths. 
The Bunyan Siding lower molars (D48941) are slightly smaller than those of the Pilot 
Creek M. titan sample (Figure 3.8cd). 
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Student T-tests performed on the Pilot Creek M. titan sample and modem M. giganteus 
from southeastern New South Wales show that 39 of the 43 tooth dimensions tested are 
significantly different, with probability values less than 0.05 and in most cases less than 
0.0001 (see Table 3.33). Only lower P2 length, lower P2 and P3 anterior widths, and 
upper dP3 posterior width are not significantly different. The differences in means 
between the two samples for most dimensions are more than 2 standard deviations apart, 
and for lower incisors (M. titan N = 9, M = 14.9, SD= 0.62; M. giganteus N = 19, M = 
9.3, SD= 0.50) are more than 3 standard deviations apart 
The differences between the means for each dimension from the two samples expressed 
as a percentage shows that on average M. titan is 31 % larger than M. giganteus (Table 
3.33). The greatest difference is expressed in lower incisor depth in which Pilot Creek M. 
titan incisors are 60 % larger than incisors of modem M. giganteus from southeastern 
New South Wales. 
The CV values of the separate samples (Pilot Creek M. titan sample, and modem M. 
giganteus sample) for each dimension are relatively low (Tables 3.25, 3.26, 3.32), as 
would be expected for fossil and modem populations (see Simpson et al., 1960; 
Bartholomai, 1975) irrespective of composition (male and female combined). The effect 
of sexual dimorphism is considered minimal as the CV values are low and both samples 
are of mixed sexes (or assumed so for the fossil sample). When the dimensions of the 
two samples are combined the standard deviations become inflated and CV values are 
exceptionally high (all> 6, most> 10) indicating that the combined sample is unusually 
variable for a single species. 
Size comparisons between samples of M. titan and M. giganteus from other localities 
have been shown by other workers to show similar large size differences, although not as 
extreme as the lower incisor differences observed in the Monaro samples. Examples are 
cheek teeth of M. titan from the Darling Downs being significantly larger than M. 
giganteus from the Warwick area (see Bartholomai, 1975, table 4), mandibular depth and 
diastema length and incisor depth of M. titan from the Wellington Caves being 
respectively 43 %, 25 % and 36 % larger than M. giganteus from Jerranderie (Dawson, 
1982a), and M. titan cheek teeth from Lake Victoria being 30% larger than M. giganteus 
from central Victoria (Marshall, 1972). Flannery and Gott (1984) reported size 
differences in cheek teeth were 26% between Victorian samples from Spring Creek (M. 
titan) and central Victoria (M. giganteus). 
Size comparisons between samples of M. titan from different localities in eastern 
Australia are illustrated in Figure 3.9. The localities are shown in order of approximate 
latitude: Darling Downs (latitude 280), Wellington Caves (latitude 32°), Pilot Creek 
(latitude 360), Lake Victoria region (latitude 340) and Lancefield Swamp (latitude 37°). 
Data sources include new molar width data collected in this study (from Pilot Creek Table 
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3.32, from Lancefield Table 3.35), together with published data from Darling Downs by 
Bartholomai (1975, table 1), from Wellington Caves by Dawson (1982a, tables 18 and 
20), and from Lake Victoria by Marshall (1972, tables 71 and 73). The molar width 
dimension is used to maintain compatibility between samples taken by different authors 
because it is highly repeatable. New lower incisor data from Darling Downs, Pilot Creek 
and Lancefield is used in Figure 3.9c and data from Wellington Caves provided by 
Dawson (1982a, table 11.4). 
From comparisons between samples of upper and lower molar width and lower incisor 
dimensions there is a general size gradient existing in M. titan (Figure 3.9) corresponding 
to latitude, with the exception of the Pilot Creek sample. Animals from Pilot Creek are 
slightly larger than all other samples, including the more southern Lancefield Swamp 
sample. Although the mean dimensions from Pilot Creek are generally the largest of all 
M. titan samples, they are still within the range for M. titan from the type locality, 
Wellington Caves, adding additional support to their identification as M. titan. The 
apparent north-south size cline (Figure 3.9) is similar to the cline observed in the modern 
samples of M. giganteus described in the previous section (Figure 3.6a and 3.4b), 
showing the Monaro samples to be larger than more southern samples. Thus, it would 
seem likely that the factors affecting the size of modern M. giganteus to produce the 
north-south cline also affected M. titan in the same way in the past, a point suggested by 
Marshall (1972) and supported by this study. However, the interpretations of the cline are 
complicated by the fact that each fossil M. titan sample is probably also of a different age, 
and thus temporal changes (and associated climatic changes) may be effecting the results. 
The various localities used here (Darling Downs, Wellington Caves, Lancefield, and Lake 
Victoria) are inadequately dated (see Baynes, 1995) at this stage, to enable the effects of 
time on M. titan size to be assessed. 
Taxonomic Discussion 
Numerous workers (for example Owen, 1838; 1874ab; Lydekker, 1887; Tedford, 1967; 
Marshall, 1972; Bartholomai, 1975; Marshall and Corruccini, 1978; Flannery, 1981; 
Dawson, 1982a; Dawson and Flannery, 1985) have noted the similarity in morphology 
and the large size differences between M. titan and M. giganteus. Many of these studies 
have discussed the issues of discrimination between the two species with varying results 
and opinions on the taxonomy of the species. 
Owen (1838), when first describing M. titan from Wellington Caves, and in subsequent 
works (e.g. Owen, 1874ab), noted the similarity in morphology between M. titan and M. 
giganteus (cited then as M. major Shaw). Lydekker (1887) separated M. titan from M. 
giganteus by its superior size but noted that the two were closely allied and probably the 
former passed into the latter. Anderson (1929) concluded that M. titan was more 
complicated morphologically than M . giganteus and that "it does not seem that the two 
species pass imperceptibly into one another, or that M . giganteus is a direct descendent of 
M. titan" (Anderson, 1929, p. 39). Tedford (1967) also recognised the two species, M . 
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titan andM. giganteus (cited as M. canguru Muller) as being distinct morphologically. He 
proposed an alternative phylogenetic relationship in which a Lake Menindee fossil form 
near M. titan which he named M. birdselli Tedford was linked to M. fuliginosus from 
Kangaroo Island and that M. giganteus (cited by Tedford as M. canguru and M . 
tasmaniensis Le Souef) was probably derived from M. titan. Marshall (1972) 
subsequently regarded M. birdselli as synonymous with M. titan. 
Marshall (1972) distinguished M. titan from M. giganteus using size (with the former 
having a 30% superior size) and by several morphological features including " ... usual 
presence of a postero-buccal cuspule on upper F2, greater development of an oblique 
ridge in the lingual interloph valley, and more frequent occurrence of a buccal cuspule on 
the midlink of the upper molars .. " adding that these characters may occasionally occur in 
M. giganteus and M. juliginosus and conversely may be absent in M. titan. He stated that 
" ... M. titan was the large, Late Pleistocene ancestor of M. giganteus and M. fuliginosus 
and that post Pleistocene reduction in body size was accompanied by a modest 
simplification of dental morphology .. . " (Marshall, 1972, p. 308). 
In an extensive review of the southern Queensland samples Bartholomai ( 197 5) claimed 
M. titan and M. giganteus were distinct species, the two being sufficiently different 
morphologically to justify specific ranking, but noted that there was a close relationship 
between the two. In addition to size differences, the main morphological features which 
enabled discrimination in the Queensland samples were the form of the posterior face of 
the hypolophid, with M. titan usually having a well-developed posthypolophid fossa and 
M. giganteus having a shallow posthypolophid groove or pit and lacking a fossa. 
Marshall and Corruccini (1978) reviewed the size differences between several species 
pairs including M. titan and M. giganteus, the authors argued that the species represented 
a single dwarfing linage or chronocline. They quoted Hooijer (1950, pp. 360-361) on 
dwarfism who described the phenomenon as " ... evolution in situ. The means and modes 
of the various metrical characters are shifting in the course of time; we have temporal 
clines, chronoclines ... ". They suggested that the size differences between M. titan and M. 
gig ante us were of the magnitude to justify subspecific ranking for M. titan (as M. 
giganteus titan). Presumably they accept Marshall's previous view (1972) that 
morphological differences observed in the dentition could be otherwise explained as 
correlated simplification in the smaller form. 
Flannery (1981) made a comparative study using Victorian and Western Australian 
samples of M. titan and M. giganteus which also led him to treat the two forms as 
conspecific subspecies. He used the names M. giganteus titan and M. giganteus 
giganteus. These names have subsequently been used in the literature by Flannery and 
others (e.g. Flannery and Archer, 1982; Flannery and Gott, 1984; Dawson, 1985; 
Dawson and Flannery, 1985; Flannery, 1989; Flannery, 1990). Many other workers 
have maintained specific ranking for M. titan and continued to follow Bartholomai (1975) 
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and others in the usage of the name M. titan (e.g. Wells et al., 1984; Murray, 1984, 
1991; Lundelius and Turnbull, 1989; Ride, et al. 1989; Tedford and Wells, 1990; Dansie, 
1992; Tedford, 1994; Wells and Tedford, 1995). 
Conclusions 
This study corroborates the work of Bartholomai (1975) and others recognising M. titan 
as a separate species from M. giganteus. The northern Monaro sample of M. titan can be 
distinguished from M. giganteus by significant size differences (e.g. larger lower 
incisors), together with morphological differences including the presence (in M. titan) or 
absence (in M. giganteus) of a posterobuccal cuspule on upper .P2, molar accessory spurs 
(common in M. titan, rare in M. giganteus), and the form of the posthypolophid surface 
(deep fossa in M . titan, shallow groove in M. giganteus). The lower incisor dimensions 
examined here, which have been frequently overlooked in previous biometric studies, 
clearly show a difference (60 % larger and 3 standard deviations apart) which is 
considered here to be large enough to justify maintaining specific ranking for M. titan. 
If both the large (M. titan) and small (M. giganteus) forms occurred at the same time at 
the same locality this would provide good evidence to support the taxonomic decision that 
the two are distinct species. There are several sites where M. giganteus and M. titan are 
possibly contemporary. At Wellington Caves (Dawson, 1982a, 1985), Texas Caves 
(Archer, 1978b), Cement Mills (Bartholomai, 1977), Douglas Cave (Gorter, 1977), 
Montagu Cave (Murray and Goede, 1977), and Naracoorte Caves (Wells et al., 1984), 
specimens have been identified as both M. titan and M. giganteus from the same sites. 
These sites are cave deposits which often have complex stratigraphy and derived fossil 
assemblages, thus making it difficult to establish whether or not they are contemporary. 
As yet there appears to be no one site which undisputably contains contemporary 
specimens in large enough numbers of both M. titan and M. giganteus to demonstrate 
sympatry. The question must await that fossil test 
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Macropus titan maxillary tooth dimensions 
Piiot Creek Bunyan Siding 
048798 048812 090120908 090030305 094081501 048829 092092601 
L L R R 
11 width - 8.3 8.0 
12 width - 8.7 8.9 
13 width - 17.1 17.1 17.8 
p2 L 9.5 9.7 
AW 5.6 5.8 
PW 7.3 7.0 
dP3 L 11.7 
AW 9.5 
PW 9.6 
p3 L 9.7 10.1 - 11.2 11.1 
AW 3.9 4.1 4.2 4.6 
PW 5.6 5.8 6.3 6.4 
M1 L 13.2 11.8 - 12.8 
AW 10.7 10.3 
PW 11.0 11.5 10.3 
M2 L 14.7 14.7 14.4 14.7 15.0 15.0 
AW 12.6 11.4 12.2 11.7 11.0 11.6 11.4 
PW 12.6 11.4 12.2 12.3 11.6 11.8 11.8 
M3 L 16.8 16.2 16.5 16.3 16.4 13.6 
AW 12.3 12.8 12.7 12.1 12.7 
PW 12.2 12.6 12.5 12.3 12.2 12.2 
M4 L 17.4 17.3 17.1 16.0 
AW 13.5 12.9 12.9 12.8 
PW 12.2 12.6 12.2 11.8 
Table 3.29. Dimensions (mm) of upper teeth of the Monaro fossil specimens of M. titan from 
Pilot Creek and Bunyan Siding. 
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Macropus titan mandibular dimensions 
Pilot Creek Fossils Bunyan Siding Fossil 
048801 048807 048820 048825 048832 090030303 090030308 092012201 092020112 092093006 092093006 048941 
L R 
11 depth 15.2 - 13.4* - - - 15.0 14.9 - 13.8* - - 13.7* 
P2 L - 8.4 
AW - 3.4 
PW - 5.4 
dP3 L - 10.9 - - - - 11 .8 11.6 - - 10.7 
AW 6.7 7.1 - - - - 7.5 7.5 
PW 7.4 7.8 - - - - 8.2 7.9 - - 7.0 
P3 L - - - 7.6 - - 7.5 - - 7.9 
AW - - - 3.1 - - 3.0 - - 2.9 
PW - - - - - - - - 5.0 4.4 
M1 L 12.9 13.0 - 12.4 - - 14.0 13.8 14.0 - 13.4 
~I AW 7.8 7.5* - 8.0 - - 8.9 8.7 8.2 - 8.1 PW 8.4 7.8* 
-
9.0 - - 9.1 9.1 8.6 8.7 8.4 
M2 L - - 12.7* 16.7 - - 17.4 17.0 16.4 15.0 15.7 - - ~ AW - - 8.4* 10.1 - - 10.7 10.6 9.5 9.8 9.4 - 9.4 PW - - 9.3* 10.3 - - 10.9 10.9 10.0 10.3 - - 10.3 
.... 
\.._, 
M3 L 13.9* 17.7 16.4* 16.3 15.5 
.. 
- - - - -
- - - [ AW 
- -
9.6* - - 11.0 - - - 10.8 - - 10.3 
PW - - - - - 10.9 - - - 10.7 - 10.9 10.6 ~ 
~ 
M• L - - 17.0* - 17.1 18.5 - - - - - 17.8 17.1 ~ 
AW - - 11.5 - 10.2 11.4 - - - - - 11.2 10.3 '?') 
PW - - 10.2 - 10.1 10.1 - - - - - 10.6 10.6 l • incomplete tooth or very worn 
)>.. 
.., 
Table 3.30. Dimensions (mm) of lower teeth of the Monaro fossil specimens of M. titan from Pilot Creek and Bunyan Siding sites. See Table 3.2 for~ 
statistical abbreviations. ~ 
.,. 
.., 
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Macropus titan lower Incisor dimensions 
Piiot Creek Bunyan Siding Bulong 
048789 048808 048848 048809 048811 092020105 090121501 091111005 
11 depth 14.3 13.9 14.9 15.7 15.8 14.5 14.6 14.4 
Table 3.31. Dimensions (mm) of isolated lower incisors of M. titan from Pilot Creek, Bunyan 
Siding and Bulong. 
Summary of Piiot Creek Macropus titan tooth dimensions 
MAXILLARY MANDIBULAR 
N Range Mean SD CV N Range Mean SD CV 
I Depth 9 13.9 - 15.8 14.9 0.62 4.15 
P2 L 2 9.5 - 9.7 9.6 0.14 1.47 8.4 8.4 
AW 2 5.6 - 5.8 5.7 0.14 2.48 3.4 3.4 
PW 2 7.0 - 7.3 7.2 0.21 2.97 5.4 5.4 
dP3 L 11.7 11.7 4 10.7-11.8 11.3 0.53 4.73 
AW 9.5 9.5 4 6.7 - 7.5 7.2 0.38 5.32 
PW 9.6 9.6 5 7.0 - 8.2 7.7 0.47 6.10 
P3 L 4 9.7-11.2 10.5 0.74 7.04 3 7.5 - 7.9 7.7 0.21 2.72 
AW 4 3.9 - 4.6 4.2 0.29 7.01 3 2.9 - 3.1 3.0 0.10 3.33 
PW 4 5.6 - 6.4 6.0 0.39 6.41 2 4.4 -5.0 4.7 0.42 9.03 
M1 L 3 11.8 - 13.2 12.6 0.72 5.72 7 12.4-14.0 13.4 0.62 4.61 
AW 2 10.3 - 10.7 10.5 0.28 2.69 6 7.8 - 8.9 8.3 0.43 5.15 
PW 3 10.3 - 11.5 10.9 0.60 5.51 7 8.4- 9.1 8.8 0.31 3.54 
M2 L 6 14.4 - 15.0 14.7 0.23 1.53 6 15.0 - 17.4 16.4 0.88 5.39 
AW 6 11.0-12.6 11.8 0.57 4.87 6 9.4-10.7 10.0 0.55 5.48 
PW 6 11.4-12.6 12.0 0.46 3.82 5 10.0 -10.9 10.5 0.40 3.84 
M3 L 5 16.2-16.8 16.4 0.23 1.40 3 16.3 - 17.7 16.8 0.78 4.65 
AW 4 12.1 -12.8 12.5 0.33 2.65 2 10.8-11.0 10.9 0.14 1.30 
PW 5 12.2 - 12.6 12.4 0.18 1.47 3 10.7-10.9 10.8 0.11 1.07 
M4 L 3 17.1 -17.4 17.3 0.09 0.88 4 17.0 -18.5 17.6 0.70 3.96 
AW 3 12.9 - 13.5 13.1 0.35 2.64 4 10.2 - 11.5 11.1 0.60 5.39 
PW 3 12.2 - 12.6 12.3 0.23 1.87 4 10.1 -10.6 10.3 0.24 2.32 
Table 3.32. Summary of dimensions (mm) of upper and lower teeth of M. titan from Pilot 
Creek. See Table 3.2 for statistical abbreviations. 
116 
A 
B 
c 
D 
9.5 10 10.5 
Chapter 3: Taxonomy of Fauna/ Assemblages 
0 
0 
11 
0 
0 
11.5 
Upper M1 Length 
12 
• 
• 
12.5 13 13.5 
~ 13+-__ _._ __ __,,, _____ .._ __ _._ __ __...__..._..._ __ _._ __ __...__...__.__.__._ __ --+ 
~ 12.5 
> 12 
0 11.5 
·~ 11 
~ 10.5 
C\J 10 
~ 9.5 0 Oflo i° 
.... 9 0 
• 
0 0 
• 
I • 
• 
~ 8.5 o o "o o o 
~ 8+----.-------,.---.,.;;------.--.---,.--...-.....-----.--.---, . --...-....-----.--.----+ 
::> 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 
Upper M2 Length 
~ 13+------'-------L-__.._____,..____,.....____,_.____,_.____,_._....___...___,~ 
~ 12.5 • • • 
3: 12 •. 
.... . 
.g 11.5 
2 11 
c: 
<( 10.5 
C') 10 
~ 
.... 9.~ 
~ 9 
0 
0 
0 
oO 
§" 8 .::o+---------,.----.--------.-------,.----.--~------+ 
11 12 13 14 15 16 17 
Upper M3 Length 
~ 14+---__,,,___,...__,__....___...__ ___ _.___.___,..__.___,,,___,.___.__....__...__...__._~--+ 
t5 13.5 ~ 13· 
0 12.5 
·~ 12 
c 11.5 
<( 11 
~ 10.5 
.... 10 
0 
Ooo 
8 0 0 0 
• 
• 
0 
·~ •• 
~ 9.S. 0 
~ 9+-~ ........ n~-.----,.-...--.--.--....----.----.-~-.---...-...--.-........ ---.-.....--+ 
::> 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 
Upper M4 Length 
Figure 3.7. Bivariate plots comparing upper tooth dimensions: modern M. giganteus from 
NSW ( o ); fossil M. giganteusfrom Poplars Site (Y), from T-Site ( •1. and from Rock Flat Creek(.,: 
fossil M. titan from Pilot Creek Pilot Creek Formation ( •) and Bunlan Siding ( •. ). (A) upper M 1 
length x upper M1 anterior width; (B) upper M2 length x upper M anterior width; (C) upper M3 
length x upper M3 anterior width; (D) upper M4 length x upper M4 anterior width. 
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Figure 3.8. Bivariate plots comparing lower tooth dimensions: modem M. giganteus from 
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Comparisons of SE NSW M. glganteus with northern Monaro M. titan 
MAXILLARY MANDIBULAR 
t p sign If.* o/o dlff. t p slgnlf.* o/o dlff. 
I Depth -25.718 1.0000E-4 s 60 o/o 
P2 L -8.606 0.0033 s 33 o/o -2.905 0.1009 NS 36 o/o 
AW -13.416 9.0000E-4 s 54 o/o -1.637 0.2434 NS 17 o/o 
PW -11.068 0.0016 s 42 o/o -6.5 0.0229 s 47% 
dP3 L -4.081 0.0266 s 31 o/o -7.209 8.0000E-4 s 28 o/o 
AW -6.653 0.0069 s 41 o/o -8.073 5.0000E-4 s 41 o/o 
PW -1.846 0.1386 NS 18 o/o -4.841 0.0029 s 26 o/o 
P3 L -7.809 2.0000E-4 s 48 o/o -2.744 0.0336 s 22 o/o 
AW -6.81 5.0000E-4 s 37 o/o -1.913 0.1043 NS 12 o/o 
PW -5.795 0.0012 s 32 o/o -3.244 0.0228 s 34 o/o 
M1 L -4.562 2.0000E-4 s 17 o/o -10.143 1.0000E-4 s 26 o/o 
AW -3.516 0.0023 s 17 o/o -8.091 1.0000E-4 s 24 o/o 
PW -4.821 1.0000E-4 s 21 o/o -9.833 1.0000E-4 s 23 o/o 
M2 L -13.047 1.0000E-4 s 27% -12.897 1.0000E-4 s 37 o/o 
AW -12.98 1.0000E-4 s 30 o/o -11.822 1.0000E-4 s 30 o/o 
PW -14.007 1.0000E-4 s 30 o/o -15.831 1.0000E-4 s 35 o/o 
M3 L -9.534 1.0000E-4 s 26 o/o -7.565 1.0000E-4 s 28 o/o 
AW -11.415 1.0000E-4 s 28 o/o -8.576 1.0000E-4 s 26 o/o 
PW -12.583 1.0000E-4 s 26 o/o -10.69 1.0000E-4 s 33 o/o 
M4 L -8.446 1.0000E-4 s 27% -7.852 1.0000E-4 s 27 o/o 
AW -8.932 1.0000E-4 s 30 o/o -8.458 1.0000E-4 s 31 o/o 
PW -9.093 1.0000E-4 s 31 o/o -7.782 1.0000E-4 s 32 o/o 
Mean o/o difference .. 31 o/o 
• Significant= P < 0.05, Not Significant = P > 0.05 
Table 3.33. Comparison of the southeastern New South Wales sample of M. giganteus (data 
from Tables 3.25 and 3.26) with that of M. titan from Pilot Creek (data from Table 3.32) using 
Student T-test (unpaired, 2 tailed). The difference between sample means for each dimension 
expressed as a percentage (% diff.) is calculated by (100 x mean of M. titan I mean of M. 
giganteus) - 100. 
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Eastern Australian Macropus titan lower Incisor dimensions 
N Range Mean SD CV 
Darling Downs 11 12.0 -14.2 12.9 0.75 5.82 
Wellington Caves* 5 12.8 -13.5 13.1 0.53 
Piiot Creek 10 13.8 - 15.8 14.8 0.68 4.61 
Lancefleld Swamp 73 12.0 - 15.5 13.7 0.72 
•data from Dawson (1982, Table 11 .4), all other data new (see Appendix 815). 
Table 3.34. Dimensions (mm) of lower incisors of M. titan in order of locality from north to 
south along eastern Australia (Darling Downs, Wellington Caves, Pilot Creek, and Lancefiek:I 
Swamp). See Table 3.2 for statistical abbreviations. 
Macropus titan tooth dimensions from Lancefleld Swamp 
MAXILLARY MANDIBULAR 
N Range Mean SD CV N Range Mean SD CV 
P2 L 8.7 8.7 
AW 
PW 7.1 7.1 
dP3 L 6 9.8 - 11.4 10.4 0.59 5.71 8 10.2 - 11.1 10.6 0.33 3.16 
AW 6 7.9 - 8.5 8.3 0.24 2.94 8 5.8 - 6.6 6.1 0.26 4.31 
PW 6 8.4 - 8.8 8.6 0.13 1.54 10 6.7 - 7.5 7.2 0.23 3.20 
P3 L 5 8.5 - 10.8 9.6 0.84 8.77 9 7.2 - 8.3 7.8 0.32 4.14 
AW 3 3.9 - 5.5 4.6 . 0.83 18.23 9 3.0 - 3.8 3.3 0.26 7.79 
PW 5 5.3 - 7.4 6.1 0.80 13.23 10 3.8 - 5.2 4.4 0.38 8.68 
M1 L 18 11 .5 - 13.1 12.2 0.47 3.80 18 11.1 - 14.4 13.1 0.79 6.03 
AW 17 8.8-11.7 10.0 0.80 7.96 16 7.6 - 8.8 8.1 0.37 4.56 
PW 18 9.5 - 12.0 10.5 0.76 7.23 22 7.9 - 9.1 8.4 0.36 4.24 
M2 L 47 13.1 - 15.8 14.4 0.69 4.79 36 12.4-16.915.2 0.94 6.22 
AW 43 10.2 - 13.0 11.7 0.76 6.50 34 8.7 - 10.4 9.6 0.47 4.90 
PW 46 10.6-13.011.7 0.60 5.09 39 8.4 -10.8 9.6 0.53 5.49 
M3 L 53 12.4 -17.7 15.9 0.87 5.49 36 14.6 - 19.4 16.7 1.08 6.45 
AW 51 11.4 - 14.1 12.6 0.56 4.75 37 9.4 - 11.4 1 0.4 0.50 4.83 
PW 49 10.8 -13.7 12.3 0.52 4.24 37 8.9-11.1 10.0 0.57 5.66 
M4 L 42 15.7-18.8 17.1 0.85 4.96 29 15.0 -19.4 17.6 0.95 5.39 
AW 42 11.5-14.813.1 0.75 5.74 27 9.4 - 11.7 10.5 0.59 5.66 
PW 42 10.6 - 13.4 12.2 0.60 4.88 27 8.8 - 11.1 9.8 0.58 5.91 
Table 3.35. Dimensions (mm) of upper and lower cheek teeth of M. titan from Lancefield 
Swamp (see Appendix B.15-17 for raw data). The sample comprises material collected in 1974 
and 1983 from different localities within the swamp (T. Rich, pers. comm., 1992; Gillespie et al. , 
1978; Van Huet, 1993). The justification for combining the 1974 and 1983 data here are: (1) 
student T-tests between both samples show no significant difference in dimensions; (2) 
similarity in age bias in both samples, being a marked preference for older individuals; (3) 
similarity in preservation; and (4) low CV values for the combined sample suggesting the sample 
is homogeneous. 
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Figure 3.9. Graphs of (A) upper molar, (B) lower molar, and (C) lower incisor dimensions of 
samples of M. titan from fossil localities in eastern Australia . Key to abbreviations: DD= Darling 
Downs; WC= Wellington Caves; LV =Lake Victoria; PC= Pilot Creek; LS= Lancefield Swamp. 
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Family Macropodidae Gray, 1821 
Subfamily Macropodinae (Pearson, 1950) 
Genus Macropus Shaw, 1789 
Subgenus Macropus Shaw, 1789 
3.3.20. M aero pus sp. aff. M. giganteus Shaw, 1790 
Introduction 
Specimens referred here to Macropus sp. aff. M. giganteus represent a large-sized 
macropodine from the Middle Pleistocene Jilliby Formation at Bunyan Siding. Although 
most similar to M. giganteus there are morphological and biometric differences which 
suggest it may be distinct from that species. The Bunyan Siding Macropus sp. is most 
similar to M. giganteus but differs by having molars generally being wider relative to their 
length, wider lower incisors, and lophids with near vertical sides and molars with wider 
anterior cingula. 
Material 
048915, right maxilla fragment with M24, Bunyan Siding, Jilliby Formation. 
090121704, right maxillary fragment with M2-3, Bunyan Siding, Jilliby Formation (Plate 
3.8, fig. 5). 
090081801, posterior half of upper left molar, M2 or M3, Bunyan Siding, Jilliby 
Formation. 
091011206, upper right 12, Bunyan Siding, Jilliby Formation. 
091011935, lower left incisor, Bunyan Siding, Jilliby Formation. 
091080413, partial right mandibular ramus with posterior half of M2, complete M3, 
Bunyan Siding, Jilliby Formation (Plate 3.6, fig. 5). 
092052401, pair mandibular rami with left Ii. M2 and right Ii. P3, M1_3, ~in crypt, 
Bunyan Siding, Jilliby Formation (Plate 3.8, fig. 2). 
Description and Identity 
Upper and lower tooth dimensions of the specimens referred to Macropus sp. aff. M. 
giganteus are shown in Table 3.36. Comparisons of dimensions with modern M. 
giganteus (mixed sexed sample) and fossil M. titan from the Monaro region are illustrated 
in bivariate plots in Figure 3.10 and Figure 3.11. 
Specimens referred to Macropus sp. aff. M. giganteus have morphological features 
consistent with the subgenus M. (Macropus) including lower incisors with enamel on the 
buccal surface extending into the alveolus and well up the ventrolingual face, upper 
molars with strong forelinks and no preparacristae, and lower molars with 
posthypolophid grooves and pits. 
The specimens are distinguished from M. titan, the only other large macropodine from 
Bunyan Siding, by upper M3 's of Macropus sp. aff. M. giganteus being longer and 
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narrower; upper M4's shorter and narrower; and lower M3 's and M4 's shorter and 
narrower (see Figures 3.10 and 3.11). However, the small sample sizes make biometric 
comparisons difficult to statistically analyse or to establish the ranges of variation. The 
lower molars also differ by having a posthypolophid groove not a posthypolophid fossa 
as in M. titan. 
The single upper i2, 091011206, is similar in morphology to modem M. giganteus 
having a distinct anterior lobe and split posterior lobe, but differs by being larger, but not 
as large as M. titan from Pilot Creek, and also by having a deeper broader groove on the 
buccal surface between the two lobes. The tooth is unworn. 
Upper molar lengths of Macropus sp. aff. M. giganteus (Table 3.36) are within the 
observed ranges for modem M. giganteus (Table 3.25 in Section 3.3.18), but upper 
molar anterior and posterior widths are outside the observed ranges, being wider for all 
upper molars. Figure 3.10 shows upper M3 of Macropus sp. aff. M. giganteus are 
slightly larger than M3 of M. giganteus, while M2 and M4 are comparable with the largest 
of the M. giganteus specimens. 
Lower molar lengths and anterior widths (Table 3.36) are within the range for M. 
giganteus (Table 3.26), but posterior molar widths are again wider than the comparative 
ranges. Lower incisor depths ( 11. 6 - 12.1 mm) are also greater than the observed range 
of M. giganteus (8.5 - 10.1 mm). 
In addition to biometric comparisons, the Bunyan Siding specimens are morphologically 
similar to M. giganteus but with some differences. Upper molars on 090121704 have a 
molar gradient of M2 < M3 while on 048915 the gradient is M2 < M3 > M4• This unusual 
reversal in size of M3 and M4 is atypical of all Macropus and may be an artefact of the 
poor preservation of the M3 which was cracked and has been repaired in the laboratory. 
Both 090121704 and 048915 have anterior cingula which are moderately broad buccal-
lingually and short antero-posteriorly with a well-developed high forelink on each molar. 
The forelinks are slightly off-set lingual to the midline. The midlink joins to the protocone 
high up at the occlusal surface, forming a deep pocket behind the protoloph (Plate 3.8, 
fig. 5). There are no well-developed pre- or postparacristae. Lophs have near vertical 
buccal sides. 
The lower incisors (092052401 and 091011935) are long and narrow with deeply 
concaved dorsal wear facets. Both specimens have dorsal and ventral enamel flanges 
typical of all Macropus spp. 092052401 has longitudinal grooves in the enamel on the 
buccal surface, more extreme that the ornamentation seen on other Monaro specimens of 
M. giganteus or M. titan. The specimen also has very advanced incisor wear considering 
the M4 has not fully erupted. 
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The lower molar gradient of specimen 092052401 is M1<M2<M3<M4, although~ is 
not fully erupted. The molar morphology is similar in form to lower molars of 
comparative modem M. giganteus, with some differences including wider anterior 
cingula, near vertical lateral sides on lophids without narrowing at the occlusal edge, and 
molars generally being wider relative to their length. The form of the posthypolophid 
surface is a deep groove on 09205241 and a small deep pit on 091080413. 
Conclusions 
The Bunyan Siding Macropus sp. is most similar to M. giganteus but differs by having 
molars generally being wider relative to their length, wider lower incisors, and lophids 
with near vertical sides and molars with wider anterior cingula. If, on the acquisition of a 
larger sample, the Bunyan Siding specimens referred here to M acropus sp. aff. M. 
giganteus are M. giganteus then this would mean that at Bunyan Siding in the Middle 
Pleistocene M. titan and M. giganteus were sympatric. However, the small samples do 
not enable the identification of this sample to be clearly established. This situation is 
unlike at Pilot Creek were there are large samples of M. titan and M. giganteus and the 
two species are very distinct morphologically and biometrically, but they are not found 
together in the same stratigraphic units, M. titan being only in the Late Pleistocene Pilot 
Creek Formation and M. giganteus being only in the QFl and QF2 units (aged 11 ka and 
4.5 ka, see Chapter 4 for dates). 
11 depth 
P3 L 
AW 
PW 
M1 L 
AW 
PW 
M2 L 
AW 
PW 
M3 L 
AW 
PW 
M4 L 
AW 
PW 
Macropus sp. aff. M. glganteus 
maxillary teeth mandibular teeth 
048915 090121704 090081801 091080413 092052401 091011935 
12.6 12.4 
10.4 10.1 
10.1 10.2 
15.0* 14.4 
11.6 11.6 
10.8 
14.9 
11.2 
10.4 
10.0 
11.7 
12.4 
8.4 
8.5 8.6 
14.9 
9.5 
9.1 
12.1 11.6* 
6.9 
3.0 
4.4 
10.8 
7.0* 
7.5* 
12.6 
8.4 
8.6 
14.2 
9.0 
9.0 
14.4* 
8.3 
• incomplete, worn or fractured tooth 
Table 3.36. Dimensions (mm) of upper and lower teeth of the Monaro fossil specimens of 
Macropus sp. aff. M. giganteus from Bunyan Siding. 
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Figure 3.10. Bivariate plots comparing upper tooth dimensions of Macropus sp. aff. M. 
giganteus (+)with: modem M. giganteustrom NSW ( O), fossil M. titan from Pilot Creek (•}and 
from Bunyan Siding ( • j; (A) upper M2 length x upper M2 anterior width; (B) upper M3 length x 
upper M3 anterior width; (C) upper M4 length x upper M4 anterior width. There are no upper M 1 's. 
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Flgure ·3.11. Bivariate plots comparing lower tooth dimensions of Macropus sp. aff. M. 
giganteus. ( + 1 with: modem M. {jganteus from NSW \ o). fossil M. titan from Pilot Creek ( •) and 
from Bunyan Siding ( e). (A) lower M1 length x lower M1 anterior width; (B) lower M2 length x 
lower M2 anterior width; (C) lower M3 length x lower M3 anterior width; (0) lower M4 length x lower 
M4 anterior width. 
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3.3.21. Macropus robustus Gould, 1841 
Introduction 
Macropus robustus has been found at Pilot Creek at three localities. Four subspecies of 
M robustus are recognised across Australia, M r. robustus being the eastern Australian 
non-arid form (Richardson and Sharman, 1976, Poole, 1984). It has a wide distribution 
in eastern Australia from Cape York along the Great Dividing Range to just south of the 
Monaro Tablelands (Dawson, 1995), and is thus not unexpected in the Monaro fossil 
faunas. M robustus currently lives near the Pilot Creek valley although it is rarely seen 
/ . 
as it prefers the rocky hill country and steep cliffs in the Murrumbidgee Ranges. 
Material 
D48800, right maxillary fragment with ?dP3 and M1, Pilot Creek, Pilot Creek Formation, 
north of Main Datum, exact locality uncertain. 
D91021401, partial right maxilla with dP3 and M1, Pilot Creek, south of Poplars Site, 
Pilot Creek Formation. 
Probably D488 l 7, left mandibular ramus with Mi, M2, part M3, Pilot Creek, Deep Pool 
Site. 
Description and Identity 
Dimensions are shown in Table 3.37. The specimens have been compared with modern 
M robustus from northeastern New South Wales (CM13223-13230) as well as 
specimens of similar sized Macropodines such as M giganteus, M rufogriseus 
(Desmarest) and M agilis (Gould). The upper molars are indistinguishable from those of 
M robustus and have the following features typical of the subgenus Osphranter such as 
very low forelinks (not high as in the subgenusMacropus), and weak preparacrista. 
The upper molars are of similar size to those of M rufogriseus and M agilis, but differ 
by having a weak preparacrista (not strong as in M rufogriseus and M agilis) and a low 
forelink (absent on M rufogriseus and M agilis) . M rufogriseus also has a much 
squarer fossa on the posterior face of the metaloph resulting from a shorter and less 
oblique ridge from the metaconule. 
The upper molars are distinct from those of M giganteus which generally have a well-
developed forelink, no preparacristae and no depressions on the anterobuccal side of 
both the protoloph and metaloph. Molars are also smaller than those of M giganteus. 
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The maxillary specimen 091021401 has d.P3 and M1 in situ and the alveolus of p2 
preserved. An X-ray of the region below the alveolus has confirmed the presence of an 
unerupted P3• The alveolus of the missing p2 is subtriangular in occlusal view with a 
much constricted anterior width, and has a small broken anterior root in situ. The 
posterior root socket is widest on the lingual side. 
Upper molars on both maxillary specimens have a low preparacrista from the paracone to 
the base of the -buccal edge of the anterior cingulum. On the lingual side of the 
preparacristae is a shallow depression. A premetacrista runs anterior from the metacone 
with a shallow depression on the lingual side of that crest. The depressions are most 
evident on the M1 of048800, and are seen on modern M. robustus (e.g. CM13226). The 
M1 of 048800 has a low crest running from the paracone across the back of the protoloph 
joining the midlink. This crest is probably formed as a consequence of a wear facet. It is 
also on specimen 091021401 but much less developed, and is seen on modern material 
compared. In lateral view from the buccal side on both maxillary specimens the tip of the 
protoloph (the paracone) curls forward. Low forelinks are present on both specimens. 
The midlinks are well-developed and high and puckered where the two parts of the 
midlink join. The posterior face of the metaloph has a steeply angled ridge across it 
running from the metaconule to the base of the metaloph just buccal of the midline of the 
tooth. 
The referred-mandibular ramus, 048817, is a poorly preserved specimen with a crushed 
P2, dP3, and diastemal region, and incomplete M1 and M3• Many diagnostic features are 
missing and isolated rami of M. robustus are difficult to identify with certainty, thus 
048817 is only tentatively referred to M. robustus. The molars are rectangular in occlusal 
view with moderately wide and long anterior cingula. The forelink and midlink are of 
approximately equal length. The posterior face of the hypolophid is rounded but lacks 
evidence of a groove differing from material of M. robustus and M. giganteus compared. 
These usually do have a posthypolophid groove. 
Pilot Creek Macropus robustus robustus 
P2 dP3 M1 M2 
L AW PW L AW PW L AW PW _ L AW PW 
upper dentitions 
091021401 7.5* 2.2* 4.3* 9.3 6.8 7.3 10.8 8.5 8.8 
048800 7.6 10.7 8.3 8.6 
lower dentition 
048817 
• dimension measured from alveolus 
9.3 10.9 7.2 7.2 
Table 3.37. Dimensions (mm) of upper and lower teeth of Macropus robustus from Pilot 
Creek. 
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Subgenus Notamacropus Dawson and Flannery, 1985 
3.3.22. Macropus rufogriseus (Desmarest, 1817) 
Introduction 
Macropw; rufogrisew; is represented in the northern Monaro fossil deposits at Pilot Creek 
and Rock Flat Creek. The species has previously been noted in fossil faunas from the 
Southern Tablelands at Yarrangobilly Caves (Hope, MS. nd), Kybeyan Caves 
(unpublished data) and Wombeyan Caves (Hope, 1982a). It is common in the region 
today and has a wide distribution along the coast and Great Dividing Range of eastern 
Australia including Tasmania. 
The type locality for M. rufogriseus is King Island in Bass Strait (see Calaby and 
Richardson, 1988). Johnston and Sharman (1979) reviewed the taxonomy of the species 
showing that Tasmanian, Bass Strait and mainland populations of M. rufogrisew; were 
not significantly different genetically, in size, or in morphology. They concluded that the 
populations belonged to a single species comprising two subspecies (M. rufogrisew; 
rufogriseus from Tasmania and Bass Strait and M. rufogrisew; banksianw; from the 
mainland) being distinguished by coat colour and breeding patterns, there being no 
significant skull morphometric differences. 
Material 
Pilot Creek 
D48796, maxilla with .P2, @3 (F3 in crypt), M1-3, Pilot Creek, Willow Bank Formation in 
Thylacine Creek, (Plate 3.8, fig. 3). 
D48792, right mandibular ramus with ?Mi-M3, Pilot Creek, 'Willow Bank Formation in 
Thylacine Creek. 
D48761, left mandibular ramus with Ii. P3, M1_4, Pilot Creek, Poplars Site, (Plate 3.8, 
figs 6a, 6b). 
Rock Flat Creek 
RFM6, left mandibular ramus with dP3, P3, M1_2, Rock Flat Creek. 
RFM7, right mandibular ramus with M14, Rock Flat Creek. 
RFM8, right mandibular ramus with P3, M14, Rock Flat Creek. 
Description and Identity 
The specimens refered here to M. rufogrisew; have been compared with modern samples 
of M. rufogrisew; from Tasmania and New South Wales (listed in Appendix B18) as well 
as other species of Macropw;. 
Dimensions are shown in Table 3.38. 
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The characters of the fossil specimens do not differ in size or morphology from those of 
the modern population of M. rufogriseus. The maxilla, 048796 is indistinguishable in 
size and morphology from modern M. rufogriseus (e.g. WAM-M26107). The sectorial 
premolar, F2, is bifid with a well-developed lingual cingulum. The unerupted p3 has 
similar morphology. Upper molars have no forelinks. Each molar has a well-developed 
preparacrista joining the paracone to the anterobuccal edge of the anterior cingulum, and a 
small postparacrista running from the paracone into the interloph valley. A small 
premetacrista also runs from the metacone forward into the interloph valley. The posterior 
face of the metaloph has a fossa formed by crests running from both the metaconule and 
metacone joining on the buccal side of the midline of the tooth forming a square-shaped 
edge to the posterior cingulum. 
The rami from Pilot Creek, 048761 and 048792, are slender and narrow and lack a 
genial pit as in modern M. rufogriseus. The lower incisor has dorsal and ventral enamel 
flanges, the enamel distribution being typical of the subgenus Notamacropus (see 
Dawson and Flannery, 1985, fig. 3a) and unlike that of M. giganteus where the enamel 
on the ventrolingual surface extends over the lower half of the tooth. The P3 on 048761 
is small and narrow and rectangular in occlusal view with a straight high crest joining the 
two main cuspids (Plate 3.8, figs 6a, 6b). It is similar to those in specimens of M. 
rufogriseus from Tasmania (M227 and M123). There is no lingual cingulum on the lower 
premolar. 048761 and RFC8 have the P3 in situ and the Mt erupted, a situation found in 
M. rufogriseus but rarely in M. giganteus, because of its more rapid molar progression. 
Specimen 048792 appears to be a variant with narrow anterior cingula and small 
accessory midlinks as seen in some modern specimens of M. rufogriseus. Both 
specimens have smooth posthypolophid surfaces with no groove or fossa, and have 
straight sided lophids. The lophids are not as curved as the lophids on M. giganteus. 
The Rock Flat Creek mandibles are also slender and narrow, lack a genial pit, and have 
small molar dimensions (Table 3.38) relative to M. giganteus. The morphological 
descriptins above also apply to these specimens. 
The northern Monaro mandibular specimens differ from M. dorsalis (Gray), M. parryi 
Bennett, and M. agilis (Gould) of similar-size. M. dorsalis and M. parryi are not found in 
southeastern New South Wales at present but like M. agilis, they possibly may have had 
extended ranges in the past. These species are excluded on grounds of size and premolar 
shape. M. dorsalis has an anterior cingulum and prominent forelink and wide lingual 
cingulum on the lower dP3• The P3 has a well-developed lingual cingulum. M. parryi 
differs by having narrower anterior cingulum widths, different P3 form which is much 
narrower and straighter, and smaller tooth dimensions relative to M. rufogriseus. M. 
agilis have longer and wider sectorial P2 and P3• 
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Piiot Creek and Rock Flat Creek modern Ill. rufogrlseus 
(maxilla) Mandibles Mandibular data 
048792 048781 048798 RFC& RFC7 RFC8 N Rans• Mean SD CV 
11 depth - 7.9 5 7.7- 8.5 7.9 0.36 4.5 
P2 L 6.5 12 4.4- 6.0 5.3 0.47 9.00 
AW 3.7 4 2.2 - 2.6 2.5 0.17 7.07 
PW 4.5 12 2.5 - 3.3 2.9 0.27 9.35 
dP3 L 7.2 6.8 12 5.8 - 6.9 6.3 0.36 5.65 
AW 5.3 4.0 12 3.5-4.4 4.1 0.25 6.23 
PW 5.5 4.7 10 4.1 - 4.8 4.5 0.24 5.33 
P3 L 7.6 4.6 6.1 5.3 6 4.9 - 5.7 5.2 0.32 6.11 
AW 2.4 4 2.0 - 2.5 2.2 0.21 9.27 
PW 2.6 4 2.0 - 2.9 2.4 0.3815.57 
M1 L 7.7 7.1 7.4 7.8 7.2 17 6.5 - 7.5 7.0 0.30 4.27 
AW 6.4 4.7 5.0 4.9 4.5 16 4.6 - 5.5 4.9 0.30 6.01 
PW 6.3 5.2 5.3 5.6 5.2 17 4.8- 6.0 5.2 0.32 6.12 
M2 L 8.7 8.1 8.4 8.6 8.5 7.6 17 7.2- 8.8 7.9 0.42 5.27 
AW 7.0 5.7 5.9 5.9 5.4 5.0 16 5.3 - 6.4 5.7 0.30 5.19 
PW 6.6 5.9 6.2 5.9 6.0 5.8 17 5.2 - 6.2 5.7 0.34 6.00 
M3 L 9.6 8.9 9.0 9.1 8.3 10 8.0 - 9.8 8.6 0.53 6.15 
AW 7.7 6.2 6.3 6.0 5.7 10 5.7- 6.5 6.1 0.23 4.70 
PW 7.2 6.5 6.4 6.7 6.1 10 5.7 - 6.5 6.2 0.25 4.12 
M4 L 9.9 - 10.3 8.9 4 8.4 - 10.2 9.4 0.77 8.21 
AW 6.4 6.3 6.8 4 5.8- 6.6 6.4 0.34 5.96 
PW 6.6 6.8 5.7 4 5.1 - 6.2 5.7 0.46 8.12 
Table 3.38. Comparisons of dimensions (mm) of upper and lower teeth of the Monaro fossil 
specimens of M. rufogriseus with a sample of modem M. rufogriseus mandibular dimensions 
from Tasmania and New South Wales. See Table 3.2 for statistical abbreviations. 
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Family Macropodidae Gray, 1821 
Subfamily Macropodinae (Pearson, 1950) 
Genus Macropus Shaw, 1789 
Subgenus Notamacropus Dawson and Flannery, 1985 
3.3.23. Macropus agilis ngarigo subsp. nov. 
Introduction 
Macropus agilis (Gould) has a widespread distribution across northern Australia and New 
Guinea, occurring in tropical coastal areas, often along rivers and in open forest and 
grasslands (Merchant, 1983). Four extant subspecies are recognised: M. a. nigrescens 
Lonnberg in the Kimberley region of Western Australia, M. a. agilis in the northern part 
of the Northern Territory, M. a. papuanus Peters & Doria in southern and southeastern 
Papua New Guinea, and M. a. jardinii De Vis in Queensland (Merchant, 1983; see 
Calaby and Richardson, 1988 for nomenclature). A fossil subspecies, M. a. siva De Vis 
has been recorded in Queensland from the eastern Darling Downs (Bartholomai, 1966, 
1975), the Chinchilla Sand (Bartholomai, 1975) and at Cement Mills (Bartholomai, 
1977); in New South Wales at Wellington Caves (Dawson, 1982a, 1985), Site 73 in the 
Lake Victotja region (Marshall, 1972, 1973), and Douglas Cave (Gorter, 1977); and in 
Victoria at Keilor and Lake Colongulac (Marshall, 1974), Spring Creek (Flannery and 
Gott, 1984), and cave deposits near Mt. Hamilton (Wakefield, 1963; Marshall, 1972). 
A species of small Macropus which is most similar to M. agilis, in particular the 
subspecies M. a. jardinii and M. a. siva, is described from the Middle Pleistocene Jilliby 
Formation at Bunyan Siding. It is concluded here that the Bunyan Siding specimens 
represent a southern and distinct form of M. agilis. The name Macropus agilis ngarigo is 
proposed for it. 
Holotype 
D90090101, left mandibular ramus with lower incisor, P3, M14, missing most of the 
coronoid process, Bunyan Siding, Jilliby Formation (Plate 3.9, figs 3abc). 
Paratypes 
D48921, lower right incisor and associated P3, Bunyan Siding, Jilliby Formation, (Plate 
3.9, figs 4a, 4b). 
D9l011909, premaxilla with left and right 12 and 13, Bunyan Siding, Jilli by Formation, 
(Plate 3.9, figs la, lb). 
D90120202, incomplete right mandibular ramus with M3.4, Bunyan Siding, Jilliby 
Formation, (Plate 3.9, figs 5a, 5b). 
D93041102, partial right mandibular ramus with P2, dP3, M1, with M2 in crypt, juvenile, 
Bunyan Siding, Jilliby Formation, (Plate 3.9, fig. 2). 
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090121517, maxillary fragment with incomplete M3 and M4, Bunyan Siding, Jilliby 
Formation. 
092052106, maxilla with p3 - M4, Bunyan Siding, Jilliby Formation. 
093041101, partial maxilla with M24, Bunyan Siding, Jilliby Formation, (Plate 3.8, fig. 
4). 
093041202, upper left ?M4, Bunyan Siding, Jilliby Formation. 
Lower dentitions 
090112802, lower right incisor, Bunyan Siding, Jilliby Formation. 
090112803, lower left incisor, Bunyan Siding, Jilliby Formation. 
090121518, partial left mandibular ramus with M24, Bunyan Siding, Jilliby Formation. 
090121708, lower right M2, probably associated with 090120202, Bunyan Siding, 
Jilliby Formation. 
091011203, lower right M2 or M3, Bunyan Siding, Jilliby Formation. 
091011212, right lower incisor tip, Bunyan Siding, Jilliby Formation. 
091011219, incomplete right mandibular ramus with worn P3, M14, Bunyan Siding, 
Jilliby Formation, (Plate 3. 9, figs 6a, 6b). 
091011936, partial right mandibular ramus with root of ?M3 and?~ partly erupted, 
juvenile, Bunyan Siding, Jilliby Formation, (Plate 3.9, fig. 7). 
Type Locality 
Jilliby Formation, Bunyan Siding, 8 km NNE of Cooma (grid reference: 36.1613°S, 
149.1720°£), southeastern New South Wales. 
Etymology 
Sub-specific name from the name of the Aboriginal tribe, N garigo, who occupied the 
Monaro region. 
Diagnosis 
Within the genus M acropus, the form described here has the features characteristic of 
species in the subgenus Notamacropus (Dawson and Flannery, 1985). These features are 
strong preparacristae, no forelinks on upper molars, near-vertical hypolophids, 
hypolophids not strongly convex posteriorly and posthypolophid surfaces smooth and 
lacking posterior cingula (as grooves, pits or fossa). 
It is closely allied to the species M. agilis by the possession of a bilobed 13, a permanent 
large upper and lower sectorial premolar, upper p3 with lingual cingulum, small but high 
lophed molars with relatively straight lateral sides, smooth posthypolophid faces, and 
upper molars with well-developed preparacristae and no forelinks. The dimensions of 
cheek teeth are well within the range of variation for modem M. agilis (Tables 3.39, 
3.40, 3.41). M. a. ngarigo can be distinguished from all other species within M. 
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(Notamacropus) except M. rufogriseus by upper third incisor morphology and size, M. 
agilis and M. rufogriseus being much larger and having a large posterior lobe relative to 
the anterior lobe. M. agilis is distinguished from M. rufogriseus by the morphology of 
the upper P3, M. agilis having a large lingual cingulum, M. rufogriseus having a small 
lingual cingulum comprising only a posterolingual cuspule. Furthermore, there are 
differences in lower incisor enamel distribution, M. agilis having enamel along the ventral 
flange while M. rufogriseus has enamel extendig about one third the way up the 
ventolingual surface. 
Within M. agilis it is smaller than M. a. siva, being of similar size to M. a. jardinii, but 
distinguished from M. a. siva and M. a. jardinii by having a deep concave groove on the 
lingual side of the ramus below the anterior cheek teeth alveoli; a broader diastema 
(bucco-lingually) bulging across the proximal end of the symphysial region; and a 
subrectangular and bilobed upper third incisor with posterior lobe inflated and rounded. 
In contrast, the I3 of M. a. siva (QMF4518, QMF652; and figured by Bartholomai 1975, 
plate 22) and M. a. jardinii are smaller, more triangular in lateral view, have two lobes 
defined by a deep groove with the anterior lobe 'overlapping' the posterior lobe, have 
flatter buccal surf aces on lobes, and narrower posterior edge on the posterior lobe 
forming a ridge. 
M. a. ngarigo has a diastema length longer than that of M. a.jardinii (illustrated in Figure 
3.12b) and similar to that of M. a. siva from the Darling Downs but much smaller than 
that of M. a. siva from Wellington Caves and Spring Creek (Table 3.40, Figure 3.12b, 
Appendix B.21). These dimensions alter with growth of individuals, but in this study 
comparisons have been made between mature adults and of mixed sexes to ensure no bias 
caused by sexual dimorphism. 
M. a. ngarigo differs from M. a. siva in the position of the incisive foramina. In M. a. 
ngarigo they are more anterior being similar to M. a. jardinii. In M. a. siva (QMF4518, 
QMF652) the incisive foramina are positioned well back being 5.0 and 5.5 mm from the 
posterior edge of I3• In addition, the incisive foramina on D91011909 are closer together 
than in M. a. siva, and more similar to M. a. jardinii. 
M. a. ngarigo is distinguished from all species considered by Dawson and Flannery 
(1985) and Flannery (1989) to be in the subgenus Macropus, in the following way. M. 
(Macropus) spp. have well-developed forelinks on upper molars, lower molars have 
posterior cingula in the form of grooves, pits or fossa, they have three lobes on I3, lack a 
permanent sectorial premolar, have enamel distribution on lower incisors extending up the 
ventrolingual surface and well into the alveolus, and are larger. 
M. a. ngarigo differs from all species considered by Dawson and Flannery (1985) and 
Flannery (1989) to be in the subgenus Osphranter, in the following way. M. (Osphranter) 
spp. lack well-developed preparacristae on upper molars, have posterior cingula in the 
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form of grooves or pits, and are larger. M. a. ngarigo differs from Wallabia bicolor 
(Desmarest) which has near straight cheek tooth rows, narrower upper 13, upper molar 
with strong pre- and post- para and meta crista, lower molars with straighter lophids and 
thinner lower midlinks. 
Description 
The Bunyan Siding material referred to M. a. ngarigo includes juveniles and adults. There 
are no known associated maxillary and mandibular elements. The maxillary and 
mandibular dentitions are considered conspecific because 1) the dimensions of the upper 
and lower molars and premolars are similar, 2) their morphology is considered 
compatible (established by comparisons with complete skulls of M. a. jardinii), and 3) 
their morphology is within the range of variation for a single species. 
Specimens have been compared with modern M. a. jardinii from Queensland, with fossil 
M. a. siva specimens from the Darling Downs in southeastern Queensland (including the 
holotype of M. siva QMF2926), with fossil M. a. siva from Wellington Caves in New 
South Wales and from Spring Creek in Victoria (see Appendix Bl9, B20, B21), as well 
as with other species of Macropus of similar size and morphology. 
Dimensions of the holotype, paratypes, referred material and comparative samples are 
shown in Tables 3.39, 3.40 and 3.41. 
Upper Incisors 
11 is unknown. 12 is single lobed and has a rounded smooth buccal surface and deep 
posterior groove which forms a v-shape notch into which the anterior edge of the 13 is 
locked (see Plate 3.9, figs la, lb). 13 has two lobes defined by a shallow groove on the 
buccal surface. The buccal surfaces of the two lobes are well-rounded. The overall shape 
of 13 in lateral view is subrectangular, not triangular as in M. a. siva and M. a. jardinii 
(see Table 3.39 and Figure 3.12a for comparisons). The posterior edge of the posterior 
lobe is rounded and inflated with no ridge. 
Premaxil/a 
The position of the incisive foramina on D91011909 are well forward almost equal to the 
posterior edge of 13 (Plate 3.9, fig. la). 
Upper Dentitions 
Upper p2 and dJ>3 are unknown. Upper p3 on D92052106 is incomplete, but from what 
is preserved the tooth is a large sectorial tooth. It has a straight longitudinal crest and 
well-developed low lingual cingulum. 
The upper molar gradient is M1<M2<M3<M4. The length of anterior molars is reduced in 
most specimens by molar progression and compaction. Anterior cingula are short and low 
and fused buccally with a well-developed preparacrista. There are no forelinks. The 
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midlink is relatively low but well-developed. A steeply sloping postmetaconulecrista 
descends posteriorly across the metaloph joining with a smaller postmetacrista, forming a 
posterior cingulum. 
Mandibles 
The rami have a relatively short and broad diastema (bucco-lingually) bulging across the 
symphysial region (Figure 3.12b). They have a deep concave groove on the lingual side 
below the alveoli of the anterior cheek teeth (Plate 3.9, fig. 5a). In some specimens 
(090120202) the diameter of the groove takes up almost half the depth of the mandible, 
in others such as 090090101, the groove is not as pronounced. Mandibular depth is 
variable, the juvenile specimen (093041102) being considerably smaller as expected 
(Table 3.40). 
091011219 differs from the other rami in shape in lateral view, having a higher arched 
ramus (Plate 3.9, figs 6ab) similar to species in the subgenus Macropus (e.g. M. 
giganteus). More material is required to better understand the range of variation of 
mandibular shape before the significance of this difference can be established. 
Mandibular Dentitions 
Lower incisors are elongate with rounded roots and well-developed enamel flanges on 
both dorsal and ventral sided. The crown-root junction on the buccal surface is straight 
and terminates at the alveolus edge. Lower incisors have two distinctive wear facets, one 
an attritional surf ace on the mesial side between the two incisors and the other on the 
dorsal surface. In worn specimens the two wear facets together with the buccal surface 
are of almost equal widths and form a triangular shaped tip on the incisor (e.g. 
091011212). 
Lower P2 and dP3 are preserved on 093041102 (Plate 3.9, fig. 2). The P2 is a relatively 
large, elongate, sectorial tooth with a straight longitudinal crest linking the anterior and 
posterior cuspids. The posterior cuspid is slightly lingual to the midline. There are two 
sets of grooves on both the buccal and lingual sides running vertically down from the 
longitudinal crest forming a third cuspid on the crest about midway along its length. The 
dP3 is a small molariform tooth with a narrow short anterior cingulum, a low well-
developed forelink and a midlink. An X-ray of the specimen showed an undeveloped P3 
in the crypt below P2• 
Lower P3 is preserved on the holotype and on 091011219 and 048921 (Plate 3.9, figs 
3abc, 4b, 6ab) and is a large sectorial tooth (Table 3.40). The P3 has a straight 
longitudinal crest and enlarged posterobuccal cuspid from which a crest runs lingually to 
a reduced posterolingual cuspid. When in situ the tooth is set at a slight angle with the 
anterior part outward from the axis of the molar tooth row (e.g. Plate 3.9, fig. 3a). The 
lower P3 on 091011219 is worn but has the remains of a shallow buccal cingulum (Plate 
3.9, fig. 6a). 
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The lower molar gradient is M1<M2<M3<M4• Anterior cingula are relatively narrow and 
short with the forelink equal in length to the midlink (e.g. see Plate 3.9, fig. 2a). The 
midlink is strong, formed from the cristid obliqua which meets the posterior face of the 
protolophid approximately in the midline. Posterior faces of hypolophids are smooth. 
Molars on two very worn specimens (D90120202, D91011219) show advanced molar 
crowding with lateral and posterior surfaces of lophids appearing swollen and rounded, a 
feature considered to be exaggerated in these specimens to some degree by wear. 
Discussion 
The species M. agilis currently occupies northern tropical coastal grasslands and open 
forest, and is common along northern river systems (Merchant, 1983). Its fossil 
distribution is listed above and includes southeastern Australia. This wide distribution, 
which appears to encompass greater ecological diversity than is exhibited by the modem 
forms, suggests that several species may be involved. However, it is clear that M. a. 
ngarigo is one of the cluster of populations that share the characters currently attributed to 
M. agilis subspp. and, hence, is treated at subspecies level here. 
The extant forms cannot be distinguished from each other on skull characters (Schwarz, 
1910). The Darling Downs fossil subspecies, M. a. siva, is distinguished from the other 
subspecies in part by size, being larger for some dimensions than M. a. jardinii but also 
by the position of the incisive foramen and longer diastema (Bartholomai, 1975). It also 
has a long temporal distribution occurring in Pliocene (Chinchilla Sand) and Pleistocene 
(Gowrie, Darling Downs) fossil deposits. A fossil form identified by Dawson (1982a, 
1985) as M. a. siva occurs in the Wellington Caves faunas, but is considerably larger 
than M. a. siva from the Darling Downs (see Figure 3.12). 
Comparisons with various samples of subspecies of M. agilis are shown in Tables 3.39, 
3.40, and 3.41 and in Figure 3.12. M. a. ngarigo is most similar in size to modem M. a. 
jardinii. The tooth dimensions of the holotype are well within the range for M. a. jardinii 
(Table 3.41). The main differences are in the shape of rami and I3 morphology and size 
(as described previously in the diagnosis). 
Comparisons between the holotype of M. a. ngarigo (D90090101) and the holotype of 
M. siva (QMF2926) and other Queensland fossil M. siva (e.g. QMF4992) show they 
have similar tooth morphology and stages of wear and eruption, but differ in molar size 
(Table 3.41; Figure 3.12c), and shorter and broader diastema (Figure 3.12b). The 
premaxilla, D91011909, differs from M. a. siva premaxillae (QMF652, QMF4492; also 
figured by Bartholomai, 1975, plate 22) for the same reasons as for M. a. jardinii (i.e. M. 
siva being smaller, having two lobes defined by a deep groove with the anterior lode 
'overlapping' the posterior lobe, having flatter buccal surfaces on lobes, and a narrower 
posterior edge on the posterior lobe forming a ridge). 
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Comparisons with M. a. siva from Wellington Caves (AMF136, AMF471010, 
AMF471019, AMF54951, AMF303; Dawson, 1982a) shows that the holotype 
D90090101 has a much shorter diastema and is smaller for most tooth dimensions 
(Figure 3.12, Appendix B.20, B.21). The Wellington Caves sample has similar lower P3 
and molar morphology, similar lower incisor wear angles and some specimens have 
broad diastema. 
Dimensions of fossil M. a. siva from Spring Creek (Flannery and Gott, 1984) and Site 
73 (Marshall, 1972, table 62), together with those from Wellington Caves show that 
these three southern samples, all referred to M. a. siva, are generally larger than the 
Queensland topotypic sample. In contrast, the Bunyan Siding dimensions are smaller than 
M. a. siva from Queensland, being of similar size as M. a. jardinii. 
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Figure 3.12. Bivariate plots comparing dimensions (mm) of Macropus agilis (A) upper third 
incisors, (B) mandibular diastema width and length, (C) Lower M3 length and anterior width, and 
(D) lower M4 length and anterior width. Samples are mixed sex. 
Key: fossil M. a. ngarigo from Bunyan Siding ( +); fossil M. a. siva from Queensland ( ~), from 
WelUngton Caves(•). from Spring Creek ( e), and from Lake Victoria ('f); modem M. a. jarcinii (o). 
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Upper dentitions 
M. •· ngarlgo M. a. •Iva M. a. /ardlnl/ 
091011909 093041101 092052106 090121517 N Range•• N Range** 
~ear••~e·! 
13 basal L 7.1 2 5.3 10 5.5 - 6.7 
13 occlusal L 8.4 2 7.2 - 7.7 10 6.9 - 9.7 
p3 L 10.2 122 8.3 -10.5 
AW 115 4.0 -5.9 
PW 
M1 L 7.1 6 8.7-9.1 118 6.4 - 8.5 
AW 6.4* 4 6.6 - 7.1 125 5.6 -6.9 
PW 6.8* 
M2 L 9.1 8 9.6-11.1 138 7.6 -9.9 
AW 6 7.5 - 8.2 153 6.3 - 8.3 
PW 7.6* 
M3 L 10.3 9.8* 7 10.9-11.8 134 8.8 -11.1 
AW 8.0* 7 8.0 - 9.0 133 7.0 - 8.9 
PW 7.9 
M4 L 11.5 11 .0 11.3 4 11.4 - 12.4 80 9.2 -11.8 
AW 8.4 8.4 4 8.1 - 8.4 69 7.2 - 9.2 
PW 7.8 7.4 7.9 
• incomplete tooth or very worn;•• data from Bartholomai (1971, 1975). 
Table 3.39. Comparisons of dimensions (mm) of upper dentitions of material referred to M. a. 
ngarigo subsp. nov. with observed ranges of samples of comparative material of M. a. siva (from 
Bartholomai, 1975, table 14) and M. a. jardinii (from Bartholomai, 1971, table 4) and 13 data from 
this study (Appendix 819). 
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Lower dentitions of fossil Af. a. ngarlgo 
090090101 048921 093041102 090120202 090112803 090112802 091011938 090121518 091011219 
~Holotxe•! ~ear•1xe•2 ~ earatxe•! ~ear•1xe•2 
ramus 
width 12.0 11.9 10.9 
depth 21.9 15.8 20.0 21.8 21.8 
dlastema 
L 26.3 
11 depth 7.7 8.6 8.3 9.2 
P2 L 7.0 
AW 3.0 
PW 3.1 
dP3 L 7.1 
AW 4.2 
PW 4.9 
P3 L 8.1 8.1 7.9 
AW 2.8 2.6 3.1 
PW 3.3 3.1 3.4 
M1 L 6.5 8.3 6.5 
AW 5.0 5.4 5.6 
PW 5.3 5.7 6.0 
M2 L 7.7 9.8 8.9 8.2 
AW 5.8 6.1 6.4 6.3 
PW 5.7* 6.3 6.3 6.8 
M3 L 9.3 9.9 10.1 8.6 
AW 6.3* 7.5 6.5 7.3 
PW 7.3 7.6 
M4 L 10.5 11.2 10.0 11.1 11.3 
AW 6.6 7.3 6.5 7.0 
PW 6.4 6.6 6.7 
• incomplete tooth or very wom; 
Table 3.40. Dimensions (mm) of lower dentitions of Monaro specimens of M. a. ngarigo. 
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Lower dentitions of comparative samples 
M. a. slva (this study) M. a. s/va** M. a./ardlnll** 
N Range Mean SD CV N Range N Range 
mandibular 
width 6 8.0-10.7 9.1 1.15 12.66 8.1 -10.6 
depth 8 16.8 - 21.6 19.1 1.45 7.80 17.2 - 20.5 
Lower 
P3 L 4 7.2 - 8.5 7.9 0.70 8.83 28 6.9 - 9.5 133 6.8- 9.1 
AW 3 2.6 -2.9 2.7 0.17 6.41 
PW 3 2.8 - 3.3 3.0 0.25 8.30 
M1 "L 6 6.7 - 8.8 7.8 0.87 11.21 35 6.9- 9.3 111 6.3- 8.3 
AW 4 5.1 - 5.7 5.5 0.26 4.80 32 4.6 - 5.8 135 4.0 - 5.7 
PW 5 5.6- 6.2 5.8 0.23 4.10 
M2 L 10 8.8-10.2 9.4 0.48 5.07 49 8.4-10.7 139 7.4-10.0 
AW 9 5.6- 6.5 6.2 0.26 4.25 37 5.6- 6.8 149 5.2- 6.5 
PW 7 5.4- 6.8 6.2 0.44 7.09 
M3 L 8 10.0 - 11.6 10.6 0.59 5.62 55 9.5-12.0 128 8.6 - 10.9 
AW 8 6.1-7.7 6.8 0.52 7.65 50 5.9 - 7.8 132 5.5- 7.5 
PW 7 5.8 - 7.7 6.6 0.65 9.82 
M4 L 7 9.9 - 13.4 11.8 1.23 10.41 38 10.9-13.3 79 9.5-11.7 
AW 7 6.4- 7.8 7.1 0.56 7.92 46 6.2 - 8.0 80 5.8 - 7.7 
PW 6 6.0 - 7.5 6.7 0.56 8.24 
••data from Bartholomai, 1971and1975 
Table 3.41. Dimensions (mm) of lower teeth of M. a. siva from southeastern Queensland 
measured in this study (see Appendix 820 and 821) and published observed ranges of large 
samples of M. a. siva (from 8artholomai, 1975, table 14) and of M. a. jardinii (from 8artholomai, 
1971, table 4, mixed sexes). 
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Family Macropodidae Gray, 1821 
3.3.24. Macropodidae incertae sedis 
The following eight specimens are from the Middle Pleistocene Jilliby Formation at 
Bunyan Siding. They cannot be assigned with reasonable certainty to any of the other 
macropodids described in the faunal assemblages from the northern Monaro region or to 
any known taxon. They are represented by incomplete specimens, but are described here 
because they have unusual morphology and may be of taxonomic importance when more 
material becomes available. 
Material 
048933, upper right I1, Bunyan Siding, Jilliby Formation. 
048937, upper right I1, Bunyan Siding, Jilliby Formation. 
090120210, upper right molar, unerupted, Bunyan Siding, Jilliby Formation. 
090121510, upper left molar, unerupted, Bunyan Siding, Jilliby Formation. 
090121512, lower left molar, ?Mt, Bunyan Siding, Jilliby Formation. 
091011207, part of lower left molar, ?M3, Bunyan Siding, Jilli by Formation. 
091011211, part of lower left Ii. Bunyan Siding, Jilliby Formation. 
091022320, lower left Ii. Bunyan Siding, Jilliby Formation. 
Description and Identity 
The two upper right first incisors, 048933 and 048937, are similar to each other in 
general morphology. They both comprise a single lobe with two faint ridges running the 
length of the enamel on the buccal surf ace. They are similar in size and morphology to 
modem M. giganteus, and significantly smaller than specimens of upper first incisors 
from Pilot Creek of M. titan (090030305). They are possibly referrable to the Bunyan 
Siding Macropus sp. aff. M. giganteus described from the same site and of similar size. 
The upper left molar 090121510, is a small unworn tooth. It has no forelink and has a 
prominent preparacrista forming a continuous crest from the paracone to the buccal edge 
of the anterior cingulum, there being no anterobuccal cingulum. All four major cusps 
have a strong pre- and post- crista. It has a moderately low mid.link and rounded loph 
bases. Dimensions are: molar L - 7.9 mm; AW - 5.4 mm; PW - 5.6 mm. The tooth is not 
Macropus sp. because of the pronounced pre- and post- crista. It has been compared with 
Onychogalea unguifera (Gould), Thylogale billardierii (Desmarest) and Petrogale 
penicillata (Gould) and is not referrable to any of these taxa. 
The upper right molar 090120210, is unworn. It differs from 090121510 by being 
squarer in occlusal view, being larger, having a faint forelink, having relatively straighter 
lophs, and by having a preparacrista which is less prominent but present Dimensions are: 
molar length - 9. 3 mm; anterior width - 6. 9 mm; posterior width - 7 .2 mm. It is similar in 
form to Petro gale penicillata but is much larger. 
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The lower incisors D91022320 and D91011211 are large teeth tentatively referred to P. 
anak and Macropus titan respectively. They have maximum incisor depths of 13.5 mm 
and 15.8 mm respectively. D91011211 is incomplete missing most of the pulp cavity and 
root. D91022320 is a complete well-preserved specimen. D91022320 is a smaller more 
rounded tooth while D91011211 is more elongate. Both incisors have a rounded tip (not 
pointed as in Macropus spp.). The only other species of Macropus which has a rounded 
tip on the lower incisor is Macropus piltonensis Bartholomai described from the 
Pleistocene deposits on the Darling Downs (Bartholomai, 1975). The Bunyan specimens 
are much larger than M. piltonensis, being comparable in size to M. titan from the 
Monaro. They both have dorsal and ventral enamel flanges similar to Protemnodon anak 
and many Macropus spp. D91022320 has a narrow strip of enamel on the ventrolingual 
surface and an irregular crown-root junction similar to P. anak. D91022320 also has a 
large rounded dorsal wear surface which is convex (not concave as in many other 
macropodids), similar to that in P. anak. 
The lower left molars, D91011207 and D90121512 are similar to each other and are 
considered to be from the same species and possibly the same individual. The molars 
have relatively long forelinks and narrow widths across anterior cingula, and rounded 
lophid bases. The posterior face of D90121512 has a deep rounded hypolophid fossa. 
D91011207 is incomplete. The presence of the hypolophid fossa distinguishes the molar 
from species in the subgenus Notamacropus (Dawson and Flannery, 1985). They are 
considerably smaller than any known species of the subgenus Macropus. Dimensions are: 
(D91011207) molarL - > 11.3 mm; AW - 7.3 mm; PW - >7.3 mm; (090121512) molar 
L- 12.2 mm; AW -7.6 mm; PW - 8.1 mm. 
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The generic classification for native murids adopted by Watts et al. (1992) is followed 
except that Mastacomys is retained here as a separate genus from Pseudomys following 
Mahoney and Richardson (1988). 
3.3.25. Conilurus albipes (Lichtenstein, 1829) 
Introduction 
One specimen of Conilurus albipes (White-footed Rabbit-rat) occurs at Poplars Site at the 
Pilot Creek locality. It has been recorded in other fossil deposits in the Southern 
Tablelands, at Marble Arch (Hall, 1975), London Bridge and Narrengullen Cave near 
Wee Jasper (Hope, MS. nd), in cave B25 in Bungonia Gorge (D. Ride, pers comm. 
1996) and Wellington Caves (M. Augee, pers. comm. 1995). It also occurs in numerous 
fossil deposits in southwestern Victoria (Wakefield, 1963, 1964, 1967c), and in the 
Buchan Caves area in Pyramids Cave (Wakefield, 1960b, 1967b, 1972). The species has 
been extinct on the mainland of Australia since 1840 but was once widespread throughout 
southeastern Australia (Watts and Aslin, 1981 ). 
Material 
048735, left maxillary fragment with M1, Pilot Creek, Poplars Site, 
(Plate 3.10, fig. 3). 
Description and Identity 
Specimen 048735 is a maxillary fragment with only the Ml in situ. The base of the 
zygomatic arch is broad and robust. The anterior palatal foramen is large and rounded, 
extending posteriorly, level with the front of the first molar. The molar is worn, and has 
three roots. The cusps are in three lophs, the middle and posterior lophs are of equal 
length, while the anterior loph is more rounded and shorter. Although the specimen is 
very worn, there are three internal cusps (Tl, T4, TI), the most anterior one (Tl) 
reduced. 
Dimensions of the tooth are: 
anteroposterior length - 4.5 mm; 
anterior loph width - 2.5 mm; 
middle loph width - 2. 7 mm; 
posterior loph width - 2. 7 mm. 
Specimen 048735 has three roots on the upper M1• This distinguishes it from Rattus spp. 
andMelomys spp. which have 5 roots and 4-5 roots respectively. The specimen has three 
internal cusps on M1 distinguishing it from the other Australian native murid genera, with 
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the exceptions of Zyzomys and Mesembriomys, and a new fossil genus to be described 
by Baynes and Ride (1995). The Pilot Creek specimen is much larger than this new 
genus (D. Ride, pers. com., 1995) and larger than Zyzomys spp. (see Kitchener, 1989). 
It differs from Mesembriomys spp., the only one of these three genera with species of 
comparable size, in that the anterior palatal foramen does not reach the front of the first 
molar. Furthermore, Mesembriomys is only found in the tropics of northern Australia and 
is most unlikely to occur in the mid- Holocene in the Monaro region. 
The specimen 048735 compares well with the description by Watts and Aslin (1981) of 
Conilurus albipes. One exception is in the number of roots on the first molar: specimen 
048735 has three roots, Watts and Aslin (1981, p. 129) define four roots for the genus 
Conilurus. However, the natural variation in root numbers in Conilurus albipes has yet to 
be reviewed. Three specimens of C. penicillatus (WAM 71.12.93-95) examined in the 
Western Australian Museum collection have three, not four, roots on the upper Ml. The 
specimen compares well with fossil material of Conilurus albipes from Bungonia Caves. 
The specimen is not C. penicillatus, currently occurring in Arnhem Land and the 
Kimberley region of Western Australia (CM7733, CM7322, CM7732, W AM7 l. l 2.93-
95). Although the molars are similar in size the palatal vacuities are much narrower and 
the zygomatic arch more slender and less robust. 
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Family Muridae Gray, 1821 
3.3.26. Mastacomys fuscus Thomas, 1882 
Introduction 
Two specimens of M astacomys fuscus (Broad-toothed Rat) are identified from the 
Holocene Poplars Site at Pilot Creek, and one specimen from the Middle Pleistocene 
Jilliby Formation at Bunyan Siding, the latter being one of the oldest dated fossil 
occurrences of the species. 
M. fuscus has been recovered in fossil deposits throughout the Southern Tablelands 
including Marble Arch (Hall, 1975), London Bridge (Hope, MS. nd), Wombeyan Quarry 
and Wombeyan Caves (Hope, 1982a), Broom Cave (Ride, 1956; Schram and Turnbull, 
1970), Wyanbene Caves (Hope, MS. nd), Yarrangobilly Caves, Wee Jasper Caves, and 
Coolamon Caves (Calaby and Wimbush, 1964), as well as at Wellington Caves (Ride, 
1956) and Jenolan Caves (Morris, 1992). M.fuscus has also been recovered from fossil 
deposits in South Australia (Ride, 1956; Calaby and Wimbush, 1964; Hope et al., 1977; 
Wells et al., 1984), southwestern and southeastern Victoria (Wakefield, 1960b, 1964, 
1967b, 1967c, 1972), and Tasmania (Cosgrove et al., 1990). 
M. fuscus currently lives in the nearby Snowy Mountains and in the Victorian and 
Tasmanian alpine and sub-alpine areas (Seebeck, 1971; Wans and Aslin, 1981; Rappold, 
1983, 1989) in habitats with 'high rainfall, a cool summer, cool to cold winters and a 
moderate to dense ground cover' (Rappold, 1989, p. 423). The fossil records show that 
the species had a much broader distribution placing it at lower altitudes than its present 
limits suggesting cool wet conditions in the Pleistocene were more extensive. However, it 
may also suggest the species had a broader habitat tolerance than is inferred from its 
present distribution. 
Material 
D48731, left maxilla with M1-M3, Pilot Creek, Poplars Site, (Plate 3.10, fig. 2). 
094021001, lower left Mi. Pilot Creek, Poplars Site. 
D91011931, left mandibular ramus with M1-M3, missing incisor, Bunyan Siding, 
Jilliby Formation, (Plate 3.10, fig. 8). 
Description and Identity 
The maxillary specimen from Pilot Creek, D48731, has three large wide molars with 
lophs sloping steeply posteriorly and has cusp patterns which are typical of M. juscus 
(see Ride, 1956; Watts and Aslin, 1981). The maxilla indicates that the inter-molar 
distance across the palate (1.3 mm) is less than the breadth of the molars (3.2 mm), a 
character possessed by no other Australian murid. The fossil maxilla compares well in 
size (Table 3.42) and morphology with a sample of modem M.juscus examined from the 
Snowy Mountains region (Dr D. Rappold research collection, ANU Zoology 
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Oeparnnent), as well as with dimensions of a fossil sample from the Broom Cave fauna 
given by Schram and Turnbull (1970). A lateral accessory cusp used by Ride (1956) as a 
diagnostic character for M. wombeyensis Ride is not present on the maxilla 048731. This 
specimen thus throws no light on the problem of the validity of the species M. 
wombeyensis as discussed by Ride (1956; 1960) and Schram and Turnbull (1970). 
The lower molar from Pilot Creek, 04021001, shows a similar degree of wear to 048731 
corresponding to wear stage 'b' of Schram and Turnbull (1970, app. table 1). It has 
similar steeply sloping lophids and similar cusp arrangements to mandibular comparative 
material of M.fuscus. The mandible from Bunyan Siding is very worn, (wear stage 'e') 
with much of the cusp morphology no longer discernible (Plate 3.10, fig. 8, but the wide 
dimensions of the molars enable its identification as M. fuscus. 
Mastacomys fuscus 
048731 094021001 091011931 Comparative Sample 
(maxillae) 
(max Illa) (mandible) (mandible) N Range M SD CV 
M1-3L 9.4 8.6 10 9.2 -10.6 9.9 0.4 4.4 
M1W 3.2 2.8 2.6 10 3.2 -3.6 3.4 0.2 4.3 
M2W 3.0 2.7 
M3W 2.6 2.1 10 2.6 -3.0 2.8 0.2 5.2 
palate width 1.28 
Table 3.42. Comparisons of dimensions (mm) of teeth of Mastacomys fuscus from Pilot Creek 
and Bunyan Siding with a sample of modern M. fuscus from the Snowy Mountains. 
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Family Muridae Gray, 1821 
3.3.27. Rattus lutreolus (Gray, 1841) 
Introduction 
Three specimens of Rattus /utreolus (Swamp Rat) are present in the Holocene fauna from 
the Poplars Site at Pilot Creek. 
R. lutreolus has been recorded in fossil deposits in the Southern Tableland region at 
Marble Arch (Hall, 1975) and London Bridge (Hope, MS. nd). 
The modem distribution of Rattus lutreolus is essentially southeastern Australia from 
Queensland to Tasmania and South Australia, along coastal and sub-coastal areas 
including the Blue Mountains region (Taylor and Homer, 1973; Watts and Aslin, 1981). 
Reports of its occurrence in the Snowy Mountains region are doubted by Taylor and 
Homer (1973) who state they represent mis-identifications. A report of R. lutreolus in the 
Monaro tableland and montane regions by Costin (1954) has yet to be confirmed. 
Material 
048737, right maxilla with M1-3, Pilot Creek, Poplars Site, (Plate 3.10, fig. 4). 
048728, left mandibular ram.us with M1_3, Pilot Creek, Poplars Site, (Plate 3.10, fig. 9). 
048736, right mandibular ramus with M1_2, Pilot Creek, Poplars Site, (Plate 3.10, fig. 
7). 
Description and Identity 
The right maxilla 048737 comprises three molars. M1 has five roots, M2 has four and M3 
has three roots. 048737 has the typical root pattern for Rattus spp. (Watts and Aslin, 
1981) distinguishing it from all other Australian native rodents except Melomys spp. 
Although difficult to distinguish Melomys from Rattus (see Schram and Turnbull, 1970) 
Melomys are generally smaller than Rattus spp. in particular R. lutreolus. 
Within Rattus, 048737 is most similar to R. /utreolus in size and molar loph shape, 
comparing well with specimens from New South Wales (CM6524, CM6525, CM6517, 
WAM34110). It differs from R. fuscipes (Waterhouse) from the Snowy Mountains 
(CM6305, CM6101, CM6199), the other species of Rattus found in the area by being 
larger with molars wider and longer. 
The two mandibles have similar root patterns to each other, with M1 having four roots 
and both M2 and M3 having three. They have similar mandibular shape. Lower incisors of 
the specimens are relatively broad (1.5 mm), differing from the specimen of R.juscipes, 
048741 (see section 3.3.28), which has a narrower (1.2 mm) incisor. Dimensions of the 
lower molars are shown in Table 3.43. Both of the fossil specimens of R. lutreolus are 
missing a cuspid on the heel of lower M1 and M2• The cuspid is the unpaired cusp 4 or 
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hypoconulid of Gaunt (1955) and termed the 'posterior cingulum' by Jacobs (1978). 
Rattusfuscipes specimens examined show a well-developed cusp 4 on both M1 and M2• 
Rattus lutrso/us Rattus fusclpss 
048737 048728 048736 048730 048741 
(max Illa) (mandible) (mandible) (mandible) (mandible) 
M1·3L 7.4 7.6 7.2 7.1 
M1W 2.4 3.0 2.1 2.1 2.2 
M2W 2.3 2.5 2.1 2.3 2.2 
M3W 1.7 2.1 1.9 1.8 
Table 3.43. Dimensions (mm) of molars of fossil specimens of Rattus lutreolus and Rattus 
fuscipes from the mid-Holocene Pilot Creek Poplars Site. 
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Family Muridae Gray, 1821 
3.3.28. Rattus fuscipes (Waterhouse, 1839) 
Introduction 
Two specimens of Rattus fuscipes (Bush Rat) are present in the Holocene fauna from the 
Poplars Site at Pilot Creek. The species has been recorded in fossil deposits in the 
Southern Tableland region at Marble Arch (Hall, 1975), London Bridge, Yarrangobilly 
Caves, Cooleman Caves and Wyanbene Caves (Hope, MS. nd), Broom Cave (Ride, 
1960, Schram and Turnbull, 1970), and Wombeyan Quarry (Hope, 1982a). 
The modem distribution of Rattus fuscipes, comprising four subspecies is widespread 
around eastern, southern and southwestern Australia, with R.fuscipes assimilus being in 
southeastern Australia (see Lunney, 1989) and is currently found in the Monaro region 
including the Pilot Creek valley. 
Material 
048730, right mandibular ramus with M1_3, Pilot Creek, Poplars Site, (Plate 3.10, fig. 
6). 
048741, right mandibular ramus with M1_3, Pilot Creek, Poplars Site. 
Description and Identity 
The mandibles, 048730 and 048741, have a root pattern with M1 having four roots and 
both M2 and M3 having three, typical of species of the genus Rattus. The lower incisor on 
048730 is fairly broad (1.5 mm) while on 048741 it is very narrower (1.2 mm). 
Dimensions of the lower molars are shown in Table 3.43 (previous section). Although 
similar to Rattus lutreolus the mandibles are considered to be different because of several 
reasons. Firstly, the molar rows on both specimens are relatively shorter than those of R. 
lutreolus. Secondly, there is a well-developed cusp 4 on the heel of Mz similar to modem 
R.fuscipes and lacking inR. lutreolus. Both specimen do not have a cusp 4 on M1 which 
is normally on R. fuscipes, however in all other respects 0487 41 is similar to R. fuscipes 
as is 048730 except that the lower incisor is wider. 
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3.3.29. Pseudomys sp. aff. P. australis - group 
Introduction 
A skull and associated postcranials and a mandible from the mid-Holocene Poplars Site at 
Pilot Creek are identified as specimens of Pseudomys. They appear to be a single species 
most similar to P. australis Gray. A third specimen, a single molar from the Middle 
Pleistocene Jilliby Formation appears to be the same species. 
The taxonomy of the species or 'species aggregate' P. australis is in need of review. It 
contains populations that are very different in size and probably represents more than one 
species (see Tate, 1951; Ride, 1970; Baynes, 1987b; Mahoney and Richardson, 1988; 
Breed and Head, 1990). In addition, fossil material such as that from Wellington Caves 
(Dawson, 1985), Jenolan Caves (Morris, 1992), Flinders Ranges (Smith, 1977) and 
Victoria Cave (Wells et al., 1984) assigned to P. australis increase the range of variation 
and casts further doubt on the taxonomy of this group. 
The modem distribution of P. australis is west of the Great Dividing Range in arid and 
semi arid regions in the Murray-Darling Basin, Lake Eyre Basin, and western plateau of 
South Australia, Queensland and Northern Territory, and New South Wales (Mahoney 
and Richardson, 1988; Breed and Head, 1990). The type locality for P. australis is the 
Liverpool Plains of New South Wales (see Mahoney and Richardson, 1988). 
Material 
D48700, skull with I1 - M1-3, and postcranials, and left and right rami with I1 - M1_3, 
Pilot Creek, Poplars Site, (Plate 3.10, figs la, lb, le). 
D48729, right mandibular ramus with M1_3, Pilot Creek, Poplars Site. 
D90112916, isolated upper M1, Bunyan Siding, Jilliby Formation. 
Description and Identity 
Specimen D48700 was found as a fully articulated skeleton. The skull has a long slender 
muzzle. The interorbital region is almost flat being very slightly concave, and curves over 
into the orbital region. The anterior edge of the zygomatic plate is symmetrically concave 
and has a point on the dorsal edge. The anterior palatal foramina are fairly long (Table 
3.44); they extend posteriorly just beyond the anterior edge of M1 ending with a pointed, 
not rounded, end. The upper M1 on D48700 has three roots which excludes it from 
Rattus spp. The single upper M1 from Bunyan Siding is an unworn molar with upright 
lophs with two internal cusps (Tl, T4), three large medial cusps (T2, T5, T8) and three 
reduced external cusps (T3, T6, T9), with T8 and T9 fused forming a rounded rather than 
pointed posterior edge. It also has three roots. 
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Dimensions of the fossil material are given in Table 3.44. They are larger than 
dimensions given by Tate (1951) of the holotype of P. australis (BMNH84.411=232a) 
from northern New South Wales, and larger than other specimens Tate lists which are 
now synonyms of P. australis (following Mahoney and Richardson, 1989). 
They agree in morphology but are larger than the collection (e.g. WAM8111) reported on 
by Baynes from the Nullarbor cave deposits (Baynes, 1987b) which Baynes regards as 
' ... a member of the P. australis group .. '. Baynes notes that material collected by 
Lundelius (Lundelius, 1964a) and identified as P. rawlinnae Troughton, also included 
material of this species. He points out that the Nullarbor animals were substantially 
smaller than a sample of P. australis from the Eyre Peninsula, and for that reason 
expressed reservations as to the Nullarbor animals (while regarding them as members of 
the P. australis group). 
The following species of Pseudomys are recorded from the region: P. higginsi 
(Trouessart), P. oralis Thomas, P. novaehollandiae (Waterhouse), P.fumeus Brazenor, 
and P. gracilicaudatus (Gould). The Monaro fossils are distinguished from them as 
follows. 
Although similar to P. higginsi the Monaro specimens differ from P. higginsi which has a 
shorter anterior palatal foramen, has a more rounded orbital region and is mush smaller 
than the Monaro ·specimens. P. higginsi has been recorded in fossil deposits at 
Wombeyan Quarry and in the Wombeyan Broom Breccia (Hope, 1982a). P. higginsi 
only occurs in Tasmania at present (Watts and Aslin, 1981). 
The specimens differ from P. oralis in several ways. The skull has a long slender muzzle, 
differing from the broader shorter muzzle of P. oralis. The interorbital region is almost 
flat being very slightly concave, and curves over into the orbital region, as opposed to 
being sharply edged as in P. oralis. In addition, the Monaro specimens differ from P. 
oralis (e.g. CM24061 from Dorrigo, NSW) by being slightly larger, having a longer 
anterior palatal foramen, upper incisors which are not as curved over, lower incisors 
which are not as upright, and the skull has a rounder edge of the interorbital region. It is 
interesting to note that P. oralis has been reported in the literature in fossil deposits 
throughout the Southern Tablelands region at Marble Arch (Hall, 1975), London Bridge 
(Hope, MS. nd), Wombeyan Broom Breccia (Ride, 1960; Schram and Turnbull, 1970), 
and Jenolan Caves (Morris, 1992), where as P. australis only occurs at one site, together 
with P. oralis, i.e. at Jenolan Caves (Morris, 1992). 
The Monaro specimens differ from P. novaehollandiae and P.fumeus also known from 
fossil deposits in the Southern Tablelands region, and from P. gracilicaudatus by being 
considerably larger than these very small murids. 
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Pseudomys sp. 
048700 090112916 048700 048700 048729 
(skull) (upper M1) (l mandible (R mandible) (R mandible) 
skull length* 35.6 
lnterorbltal width 5.2 
width ant. zygomatlc arches19.4 
length ant. palatal foramen 9.1 
upper dlastema length 11.9 
width Inside upper M1·M1 4.0 
nasal length 12.2 
muzzel width 6.2 
M1·3 crown L 7.0 6.8 6.8 
M1·3 alveolus L 7.3 6.9 6.9 7.0 
M1L 3.2 3.2 3.1 3.0 3.0 
M1W 2.2 2.3 1.8 1.8 1.9 
M2L 2.0 1.9 2.0 2.0 
M2W 2.0 1.9 1.9 1.9 
M3L 1.9 1.7 1.7 
M3W 1.9 1.7 1.5 
• minimum estimate 
Table 3.44. Dimensions (mm) of upper and lower molars and skull of fossil specimens of 
Pseudomys sp. from Pilot Creek and Bunyan Siding. 
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3.3.30. Pseudomys cf. fumeus Brazenor, 1934 
Introduction 
A specimen similar to the Smoky Mouse, Pseudomys jumeus occurs in the Holocene 
Poplars Site at Pilot Creek. 
P. fumeus has been recorded in fossil deposits in the Southern Tablelands region at 
Marble Arch (Hall, 197 5), London Bridge, Y arrangobilly Caves, Wombeyan Quarry and 
in the Broom Breccia (Hope, MS; nd). Morris (1992) reports its occurrence in a fossil 
sequence at the Jenolan Caves from before 8,000 years BP until recent. It is also 
abundant in the fossil deposits at Buchan Caves (Wakefield, 1967b). 
The species currently has a disjunct distribution in mountain areas in southern Victoria in 
the Otway Ranges and Grampians, and in coastal areas in east Gippsland (Menkhorst and 
Seebeck, 1981) and in New South Wales near the Victoria/ New South Wales border and 
in the Brindabella Ranges near Canberra. 
Material 
D48734, right mandibular ramus with M1 and M2, missing M3, Pilot Creek, Poplars Site, 
(Plate 3.10,.fig. 5). 
Description and Identity 
Dimensions of the mandible are as follows: -
incisor width - 0.8 mm; 
M1_3 length at alveolus - 6.0 mm; 
M1L-2.6mm; 
M1W-1.6mm; 
M2L-1.7mm; 
\ 
MzW-1.8 mm. 
The small mandible D48734, has the distinctive Pseudomys root pattern, but M2 has three 
roots, the two anterior ones being very small and close to each other, differing from the 
other Pilot Creek Pseudomys material which has only two roots on lower Mz. 
Comparisons with P.fumeus from Victoria (W AM27168) show the fossil specimen to be 
slightly larger but otherwise similar in morphology~ The roots are not visible for 
comparison. The dimensions of the Pilot Creek specimen are slightly larger than those 
given for P. fumeus by Hall (1975). Although similar, D48734 differs from P. 
novaehollandiae which is much smaller. The dimensions are also larger than those given 
for P. glaucus by Schram and Turnbull (1970, table 5). 
155 
Chapter 3: Taxonomy of Fauna/ Assemblages 
3.3.31. Non-Mammalian Taxa 
It is beyond the scope of this study to describe the non-mammalian taxa. Many of the 
specimens of birds, frogs, reptiles and fish are currently being studied by specialists in the 
fields. The specimens are listed below and described briefly. 
Class Aves 
Fossil birds representing three species have been identified in the collections from the 
northern Monaro region. Most fossil bird material comes from the mid-Holocene Poplars 
Site at Pilot Creek, with one specimen from the Late Pleistocene locality at T-Site. 
Gymnorhina tibicen (Latham, 1801) and Dromaius novaehollandiae (Latham, 1790) are 
found in the region today. Gallinula mortierii (Du Bus, 1840) only occurs in Tasmania. 
The fossil distribution of G. mortierii includes the mainland but only in the lower reaches 
of the Murray-Darling Basin, Kangaroo Island and the Darling Downs and not east of 
the Great Dividing Range (Olsen, 1975; Hope et al., 1977; Baird, 1984, .1986, 
McNamara and Baird, 1991). The occurrence of Gallinula mortierii in a mid-Holocene 
deposit in the Monaro extends both its past geographical distribution and its date of 
extinction from mainland Australia (Davis and Van Tets, in prep.). 
Material 
Gymnorhina tibicen (Latham, 1801) 
D48682. l, left carpometacarpal, Pilot Creek, Poplars Site. 
D48682.2, right carpometacarpal, Pilot Creek, Poplars Site. 
Gallinula mortierii (Dubois, 1840) 
D90031901, mandible, Pilot Creek, Poplars Site. 
D48712. l , tarsometatarsus, Pilot Creek, Poplars Site. 
D48712.2, femur, Pilot Creek, Poplars Site. 
D487 l 3 .1, tibiotarsus, Pilot Creek, Poplars Site. 
D48751, tibiotarsus, Pilot Creek, Poplars Site. 
Dromaius novaehollandiae (Latham, 1790) 
D48696.9 - D48696.21, postcranial elements, Pilot Creek, Poplars Site. 
D48697.28- D48697.33, postcranial elements, Pilot Creek, Poplars Site. 
D48704. l - D48704.3, postcranial elements, Pilot Creek, Poplars Site. 
D48714.2, postcranial elements, Pilot Creek, Po12lars Site. 
D48720. l-.5, postcranial elements, Pilot Creek, Poplars Site. 
D89061003 , postcranial elements, Pilot Creek, Poplars Site. 
D48782, tasometatarsus, Pilot Creek, T-Site. 
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Class Reptilia 
Fossil reptilian specimens occur in two northern Monaro sites. At Pilot Creek mandibles 
of small lizards.(Family Scinidae) have been recovered in the Holocene Poplars Site. At 
Bunyan Siding five vertebrae representing at least two taxa (Family Elapidae and Family 
Varanidae) and a small mandible (Family uncertain) have been collected. 
· Material 
Family Varanidae 
090112817, vertebra, Bunyan Siding, Jilliby Formation. 
Family Elapidae 
090121702, vertebra, Bunyan Siding, Jilliby Formation. 
091011239, vertebra, Bunyan Siding, Jilliby Formation. 
091011240, vertebra, Bunyan Siding, Jilliby Formation. 
Family Scinidae 
048699, mandible, Pilot Creek, Poplars Site. 
Family uncertain 
090113012, ramus, Bunyan Siding, Jilliby Formation. 
093041208, vertebra, Nestle Brae Formation. 
Class Amphibia 
Fossil frog material has been found in the Middle Pleistocene Jilliby Formation at Bunyan 
Siding, and in the Holocene Poplars Site at Pilot Creek. The material has been described 
and identified by Prof. M.J. Tyler and represents at least three species. They are the first 
fossil frogs to be described from a New South Wales deposit (Tyler et al., in prep.). 
Material 
Family Hylidae 
Litoria citropa (Oumeril and Bibron) 
090121719, ilium, Bunyan Siding, Jilli by Formation. 
091011919, ilium, Bunyan Siding, Jilliby Formation. 
091011945, ilium, Bunyan Siding, Jilliby Formation. 
091011947, ilium, Bunyan Siding, Jilliby Formation. 
Family Leptodactylidae 
Limnodynastes peronii (Dumeril and Bibron) 
090121711, ilium, Bunyan Siding, JillibyFormation. 
091021605, ilium, Bunyan Siding, Jilliby Formation. 
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Family uncertain 
Genus and species indet. 
D48753, ?femur, Pilot Creek, Poplars Site. 
D48754, ?femur, Pilot Creek, Poplars Site. 
D90112906, scapula, Bunyan Siding, Jilliby Formation. 
D90121515, scapula, Bunyan Siding, Jilliby Formation. 
Class Osteichthyes 
Three large fish scales (7 x 10 mm) were recovered from the Middle Pleistocene Bunyan 
Siding locality. Preliminary examinations by Dr. J. Long and Dr. P. Pridmore suggest 
they are from a large freshwater fish (Order Teleostei). 
Material 
D90113008, three scales, Bunyan Siding, Jilliby Formation. 
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3.4. SUMMARY FAUNAL LISTS 
BUNYAN SIDING (Jilliby Formation) 
Class Mammalia 
Ornithorhyncus anatinus 
Dasyurus viverrinus 
Perameles gunnii 
Perameles sp. indet 
Diprotodon optatum 
cf. Zygomaturus trilobus 
Vombatus ursinus 
uncertain vombatifonn 
Aepyprymnus rufescens 
Sthenurus atlas 
Procoptodon rapha 
Protemnodon anak 
Protemnodon roechuslbrehus 
Macropus titan 
Macropus sp.aff. M. giganteus 
Macropus agilis ngarigo 
Mastacomys fuscus 
Pseudomys sp. aff. P. australis - group 
Class Reptilia 
gen. et sp. indet. 
Class Amphibia 
Litoria citropa 
Limnodynastes peronii 
Class Osteichthyes 
gen. et sp. indet. 
BUNYAN SIDING (Nestle Brae Formation) 
Class Mammalia 
Dasyurus viverrinus 
Vombatus ursinus 
Class Reptilia 
gen. et sp. indet. 
PILOT CREEK (Pilot Creek Formation) 
Class Mammalia 
Sarcophilus laniarius 
Diprotodon optatum 
Thylacoleo carnifex 
Vombatus ursinus 
Sthenurus sp. indet. 
Protemnodon anak 
Protemnodon roechuslbrehus 
Macropus titan 
Macropus robustus 
PILOT CREEK (Willow Bank Formation) 
Class Mammalia 
Vombatus ursinus 
M acropus giganteus 
Macropus rufogriseus 
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PILOT CREEK ( QFl Unit) 
Oass Mammalia 
Class Aves 
Thylacinus cynocephalus 
Perameles nasuta 
Aepyprymnus rufescens 
Macropus giganteus 
Dromaius novaehollandiae 
PILOT CREEK ( QF2 Unit) 
Oass Mammalia 
Class Aves 
Dasyurus viverrinus 
I soodon obesulus 
Perameles gunnii 
P erameles nasuta 
Vombatus ursinus 
Aepyprymnus rufescens 
Macropus giganteus 
Macropus robustus 
Macropus rufogriseus 
Conilurus albipes 
M astacomys fuscus 
Rattus lutreolus 
Rattus fuscipes 
Pseudomys sp. aff. P. australis - group 
Pseudomys fumeus 
Gymnorhina tibicen 
Gallinula mortierii 
Dromaius novaehollandiae 
Class Reptilia 
lizard 
Class Amphibia 
frog 
ROCK FLAT CREEK 
BULONG 
Oass Mammalia 
Macropus giganteus 
Macropus rufogriseus 
Oass Mammalia 
Macropus titan 
RYRIES CREEK 
Oass Mammalia 
Diprotodon sp. 
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3.5. PLATES FOR CHAPTER 3 
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Plate 3.1. 
Pilot Creek and Bunyan Siding specimens referred to Family Ornythorhyncidae and Family 
Oasyuridae and modern comparative specimens. 
1 a. Ornithorhynchus anatinus, left fibula, Bunyan Siding, 091011933. 
1 b. Ornithorhynchus anatinus, left fibula, M79. 
2a. Ornithorhynchus anatinus, left humerus, Bunyan Siding, 090121S02. 
2b. Ornithorhynchus anatinus, left humerus, M79. 
3. Dasyurus viverrinus, left maxillary fragment, Pilot Creek, part of 0487S7. 
4. Dasyurus viverrinus, right mandible, Pilot Creek, 048758. 
Sa. Dasyurus viverrinus, left mandible, Bunyan Siding, 091091901. 
Sb. Dasyurus viverrinus, right mandible, Bunyan Siding, 091091901. 
6. Dasyurus viverrinus, left M3, M4 in maxillary fragment, Bunyan Siding, 091112301. 
7a. Sarcophilus laniarius, right upper canine, Pilot Creek, 048831 . 
7b. Sarcophilus harrisii, right upper canine, P 1-2 at same scale as 048831, Tasmania, 
A010. 
Scale bar = 1 cm 
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Plate 3.2. 
Pilot Creek and Bunyan Siding specimens referred to Family Thylacinidae and Family 
Peramelidae. 
1 a. Thylacinus cynocephalus, right ramus, Pilot Creek, part of 048763. 
1 b. Thylacinus cynocephalus, left ramus, Pilot Creek, part of 048763. 
2a. lsoodon obesulus, right ramus, Pilot Creek, 048702. 
2b. lsoodon obesulus, left ramus, Pilot Creek, 048702 
3. Perameles nasuta, part of left maxilla, Pilot Creek, 048783. 
4. Perameles gunnii, skull in occlusal view, Wellington Caves, AMF57919. 
5a. Perameles gunnii, right maxilla, Pilot Creek, 048733, next to skull of P. gunniitrom 
Tasmania, CM6807. 
5b. Perameles gunnii, 048733, next to skull of P. nasuta, CM673. 
Scale bar = 1 cm 
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Plate 3.3. 
Pilot Creek, Bunyan Siding and South Bunyan specimens referred to Family Oiprotodontidae. 
1 . Diprotodon optatum, left lower incisor, Pilot Creek, 048810. 
2. Diprotodon sp. indet., fragment of molar, South Bunyan, part of 048939. 
3. Diprotodon sp. indet., fragment of molar, Bunyan Siding, 092122602. 
4a. Zygomaturus trilobus, lateral view left ramus, Bunyan Siding, 048918. 
4b. Zygomaturus trilobus, occlusal view left ramus, Bunyan Siding, 048918. 
Scale bar = 1 cm 
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Plate 3.4. 
Pilot Creek and Bunyan Siding specimens referred to Family Thylacoleonidae, Family 
Vombatidae and Family Potoroidae. 
1 a. Thylacoleo carnifex, complete upper third incisor, Wellington Caves, AMF53482. 
1 b. Thylacoleo carnifex, upper third incisor, Pilot Creek, 048799. 
2a. Vombatus ursinus, left maxilla and premaxilla, Bunyan Siding, part of 091022314. 
2b. Vombatus ursinus, mandible, Bunyan Siding, part of 091022314. 
3. Aepyprymnus rufescens, right maxilla, Pilot Creek, part of 090072201. 
4. Aepyprymnus rufescens, left and right rami, Pilot Creek, 048710. 
5. Aepyprymnus rufescens, unerupted upper P3, Pilot Creek, part of 048705. 
6. Aepyprymnus rufescens, upper P3, Bunyan Siding, part of 090112805. 
Scale bar = 1 cm 
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Plate 3.5. 
Pilot Creek and Bunyan Siding specimens referred to Family Macropodidae. 
1 a. Sthenurus atlas, right incisor, buccal view, Bunyan Siding, 092052105. 
1 b. Sthenurus atlas, right incisor, lingual view, Bunyan Siding, 092052105. 
2. Sthenurus atlas, upper right M3, Bunyan Siding, 091021608. 
3. Protemnodon anak, right upper P2, Pilot Creek, 095042106. 
4. Procoptodon rapha, right ramus, Bunyan Siding, 048912. 
5. Protemnodon anak, left and right rami, Bunyan Siding, 091010604, 048916 and 
090120209. 
6a. Protemnodon roechus/brehus, left ramus, Pilot Creek, part of 091080411. 
6b. Protemnodon roechus/brehus, right ramus, Pilot Creek, part of 091080411. 
7a. Protemnodon roechus/brehus, lingual view left lower incisor, Pilot Creek, 
048828. 
7b. Protemnodon roechus/brehus, buccal view left lower incisor, Pilot Creek, 
048828 . 
Scale bar = 1 cm 
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Plate 3.6. 
Pilot Creek and Bunyan Siding specimens referred to Family Macropodidae. 
1 a. Protemnodon roechus/brehus, lateral view lower P3, M2, M3, Pilot Creek, 
090052702. 
1 b. Protemnodon roechus/brehus, occlusal view lower P3, M2, M3, Pilot Creek, 
090052702. 
2a. Protemnodon roechuslbrehus, left ramus in lateral view, Bunyan Siding, 
090120201. 
2b. Protemnodon roechus/brehus, left ramus in occlusal view, Bunyan Siding, 
090120201. 
3. Macropus titan, palate in occlusal view, Pilot Creek, 090120906. 
4. Macropus titan, right maxilla in occlusal view, Pilot Creek, 048812. 
5. Macropus sp. aft. M. giganteus, right ramus in occlusal view, Bunyan Siding, 
091080413 . 
Scale bar = 1 cm 
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Plate 3.7. 
Pilot Creek specimens referred to Family Macropodidae. 
1 a. Macropus titan, right ramus in occlusal view, Pilot Creek, 092093006. 
1 b. Macropus titan, right ramus in lateral view, Pilot Creek, 092093006. 
2a. Macropus titan, left ramus in lateral view, Pilot Creek, 090030303. 
2b. Macropus titan, left ramus in occlusal view, Pilot Creek, 090030303. 
3a. Macropus titan, right ramus in occlusal view, Pilot Creek, 092093005. 
3b. Macropus titan, right ramus in lateral view, Pilot Creek, 092093005. 
Scale bar = 1 cm 
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Plate 3.8. 
Pilot Creek and Bunyan Siding specimens referred to Family Macropodidae. 
1 a. Macropus titan, occlusal view of right ramus, Bunyan Siding, 048941. 
1 b. Macropus titan, lateral view of right ramus, Bunyan Siding, 048941. 
2. Macropus sp. aff. M. giganteus, pair rami in occlusal view, Bunyan Siding, 
092052401. 
3. Macropus rufogriseus, left maxilla, Pilot Creek, 048796. 
4. Macropus agilis ngarigo subsp. nov., left maxilla with M2-4, Bunyan Siding, 
093041101. 
5. Macropus sp. aft. M. giganteus., right maxilla in occlusal view, Bunyan Siding, 
090121704. 
6a. Macropus rufogriseus, lateral view of left ramus, Pilot Creek Poplars Site, 
048761. 
6b. Macropus rufogriseus, occlusal view of left ramus, Pilot Creek Poplars Site, 
048761. 
Scale bar = 1 cm 
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Plate 3.9. 
Bunyan Siding specimens referred to Family Macropodidae. 
1 a. Macropus agilis ngarigo subsp. nov., occlusal view of premaxilla, Bunyan Siding, 
091011909. 
1 b. Macropus agilis ngarigo subsp. nov., lateral view of premaxilla, Bunyan Siding, 
091011909. 
2 . Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 093041102. 
3a. Macropus agilis ngarigo subsp. nov., holotype, occlusal view of left ramus, Bunyan 
Siding, 090090101. 
3b. Macropus agilis ngarigo subsp. nov., holotype, lateral view of 090090101. 
3c. Macropus agilis ngarigo subsp. nov., holotype, lateral view of 090090101. 
4a. Macropus agilis ngarigo subsp. nov., lower right incisor, Bunyan Siding, part of 
048921. 
4b. Macropus agilis ngarigo subsp. nov., lower P3, Bunyan Siding, part of 048921. 
Sa. Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 090120202. 
Sb. Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 090120202. 
6a. Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 091011219. 
6b. Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 091011219. 
7. Macropus agilis ngarigo subsp. nov., right ramus, Bunyan Siding, 091011936. 
Scale bar = 1 cm 
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Plate 3.10. 
Pilot Creek and Bunyan Siding specimens referred to Family Muridae. 
1a. Pseudomys sp., skull in occlusal view, Pilot Creek Poplars Site, part of 048700. 
1 b. Pseudomys sp., right mandible, Pilot Creek Poplars Site, part of 048700. 
1c. Pseudomys sp., left mandible, Pilot Creek Poplars Site, part of 048700. 
2. Mastacomys fuscus, left maxilla with M 1-3, Pilot Creek Poplars Site, 048731. 
3. Conilurus albipes, left maxilla with M 1, Pilot Creek Poplars Site, 048735. 
4. Rattus lutreolus, right maxilla with M 1-3, Pilot Creek Poplars Site, 048737. 
5. Pseudomys cf. fumeus, right mandible with M1-2. Pilot Creek Poplars Site, 
048734. 
6 . Rattus fuscipes, right mandible with M1-3. Pilot Creek Poplars Site, 048730. 
7. Rattus lutreolus, right mandible with M1-2· Pilot Creek Poplars Site, 048736. 
8. Mastacomys fuscus, left mandible with M1-3· Bunyan Siding, 091011931. 
9. Rattus lutreolus, left mandible with M1-3. Pilot Creek, Poplars Site, 048728. 
Scale bar = 1 cm 
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CHAPTER 4: STRATIGRAPHY OF THE PILOT CREEK VALLEY 
4.1 INTRODUCTION 
The Pilot Creek valley is one of the two major vertebrate fossil localities in the northern 
Monaro region. It contains some 22 fossil sites from a sequence of six sedimentary units 
of different ages ranging from the Late Pleistocene through to the present. Detailed 
stratigraphic work throughout the valley has been necessary to better understand the 
relationships between the various fossil sites and sedimentary units, as well as to 
establish those units which are not fossiliferous. The principal objectives of this chapter 
are, therefore: 
(a) to establish the Quaternary sedimentary history of the valley; including the relative 
and absolute ages of sedimentary units; and 
(b) to interpret the depositional environments of units. 
Previous studies pertaining to the Quaternary stratigraphy of the Pilot Creek valley 
include two postgraduate studies (Foudoulis, 1982; Davis, 1989) and a preliplinary paper 
by Ride et al. (1989). Foudoulis (1982) briefly describes a fossiliferous sequence on the 
western side of Pilot Creek as part of a broader study of Tertiary basalts in the region. 
Davis (1989) describes the stratigraphy and fossils at the 'Poplars Site', an alluvial fan 
unit of Holocene age on the western side of Pilot Creek. In the paper by Ride et al. 
(1989) a preliminary stratigraphy and faunal assemblage for the entire fossiliferous area 
within the valley is described, including the results from the 'Poplars Site' (Davis, 1989). 
Three major stratigraphic units are described by Ride et al. (1989); 'Pilot Creek Red' 
(PCR), 'Pilot Creek Black' (PCB), and two alluvial fan units collectively named 'Pilot 
Creek Light Brown' (PCLB). Three subunits within the PCR unit are described. 
Radiocarbon dates, regional lithocorrelations and biocorrelations at the time indicated a 
Late Pleistocene age for the PCR unit and Holocene ages for the PCB and PCLB units. 
As a result of further stratigraphic work presented in this study, the stratigraphy of Pilot 
Creek, as described by Ride et al. (1989), has been modified and a total of six 
stratigraphic units recognised. The two units, 'Pilot Creek Red' and 'Pilot Creek Black', 
have been maintained but are formally named 'Pilot Creek Formation' and 'Willow Bank 
Formation' respectively, to avoid ambiguity arising from the discrimination of units on 
the basis of colour and to emphasise that the units are not defined solely by colour. In the 
central area of the valley the Pilot Creek Formation has been divided into four subunits. 
The Willow Bank Formation has been divided into two subunits. 
In addition to the two Formations, there are large areas of undifferentiated sediment 
stratigraphically below the two Formations and overlying pre-Quaternary bedrock. There 
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are also three other Quaternary sedimentary units (two alluvial fan units and a recent 
alluvial deposit) which are described as separate sedimentary entities. 
Fourteen radiocarbon dates from various units within the Pilot Creek sequence enable 
refinement of the ages of the units. A number of samples from the Pilot Creek valley 
analysed for pollen (details provided in Appendix D) contribute to the environmental 
interpretations. 
4.2. SITE LOCATION AND BASEMENT GEOLOGY 
4.2.1. Site Location 
The Pilot Creek valley is located west of the Murrumbidgee River 12 km NNW of 
Cooma and extends for some 10 km upstream from the Pilot Creek - Murrumbidgee 
junction at elevations of 800 - 1000 m (Figures 4.1 and 4.2). The valley trends north-
south and is enclosed on the northern, western and southern sides by ridges of sparsely 
wooded basalt hills. Pilot Creek has two main easterly tributaries, Woolshed Creek and 
Thylacine Creek, and three western tributaries, Haystack Creek, Elderberry Creek and 
Tip Creek (Figure 4.2). The 21 named fossil collecting sites occur along the gully walls 
of the cent:fal part of Pilot Creek and in Thylacine Creek (Figure 4.2). In addition, there 
are several un-named isolated bone occurrences within the gully walls of Pilot Creek. 
4.2.2. Basement Geology 
The Quaternary sediments in the valley overlie the following pre-Quaternary rock types 
(Figure 4.3): Ordovician metasediments including both high and low grade metamorphic 
rocks; Silurian granites; and Tertiary basalts (see Lewis et al., 1994, and Chapter 1.6 for 
broader regional geology). Together, these basement rocks represent the source areas for 
the Quaternary sediments as indicated by arrows on Figure 4.3, with the composition of 
the Quaternary units closely reflecting the nearby bedrock lithology. 
The Ordovician rocks are undifferentiated flysh metasediments (Ous) and banded gneiss 
(Obg) (Figure 4.3). The metasediments consist predominantly of fine-grained low grade 
metasediments, mainly mica schists with some shale. They crop out on the western side 
of the valley. The high grade metamorphic rocks comprise medium-grained and biotite-
rich banded gneiss (Obg) which are exposed along the eastern side of the valley where 
they form the low ridge nearest Pilot Creek. The gneiss is more resistant to weathering 
than the schists and shales on the western side of the valley. Silurian granitoids (Sfg) 
crop out in the gorge at the head of Thylacine Creek (Figure 4.2). 
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Figure 4.1. Pilot Creek Valley 
(a} Pilot Creek valley looking north, with Pilot Creek in centre and 
Thylacine Creek in lower right of picture. 
(b} Pilot Creek valley looking south toward Cooma. · 
(c} Close-up view of centre of (b} above, showing deep gully incision 
by Pilot Creek. Basalt bedrock is exposed in the bed of the creek. 
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Figure 4.2. The topography, drainage and distribution of the 
main Quaternary fossil localities of Pilot Creek valley. 
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They represent a southern branch of a much larger igneous complex, the Murrumbidgee 
Batholith, which extends northward almost to Canberra (see Lewis et al., 1994). The 
granitoids are typically coarse grained and biotite-rich, and show a strong north-south 
trending tectonic foliation. 
Tertiary basalt rocks occur on the northern, northeastern and western sides of the Pilot 
Creek valley (Figure 4.3), and are intermittently exposed in the bed of Pilot Creek. The 
basalt rocks are typical for the Monaro Basalt Province as described by Pratt et al. 
(1993). 
Quaternary valley-fill sediments (Qs in Figure 4.3) are confined to the base and lower 
margins of the valley, extending for most of the length of the present Pilot Creek. They 
form the basis for descriptions and discussions for the remainder of this chapter. 
4.3. METHODS AND TERMINOLOGY 
4.3.1. Mapping 
Field data were recorded as stratigraphic logs (prefixed by V), longitudinal cross sections 
of gully walls (A-A' to J-J'), cores (prefixed by C), and soil descriptions (prefixed by 
S). Figure 4.4 indicates the locations of data sources. Longitudinal cross sections were 
mapped along creek banks using two tapes positioned vertically and horizontally, with a 
vertical exaggeration of 10 x for sections A-A', B-B' and C-C' and 5 x for all other 
longitudinal sections. They are not corrected for stream gradient which is approximately 
15 m/km near the fossil localities. Nineteen cores were drilled to maximum depths of 4 m 
using 4 cm and 8 cm diameter push cores. The cores were described, photographed and 
sampled between horizons. Field descriptions of stratigraphic logs and soil profiles are 
provided in Appendix C. 
\ , 
Three datum points (termed 'Main', 'Thylacine', and 'Poplars') consisting of steel fence 
posts driven into the ground were surveyed onto maps and sections (Figure 4.4). 
4.3.2. Dating 
Radiocarbon dating has been used throughout the Pilot Creek sequence to refine the age 
estimates of units, in conjunction with lithocorrelations and palynology. The alternative 
dating technique of Optically Stimulated Luminescence (OSL) dating, similar to that 
carried out at Bunyan Siding Site (see Chapter 5) was not used at Pilot Creek during this 
study due to laboratory limitations. However, future work will be examining the 
possibilities of utilising a variety of dating methods throughout the valley. 
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Charcoal, soil and wood were used for radiocarbon dating (Table 4.3). The charcoal 
record from Pilot Creek is fairly sparse, with charcoal sporadically occurring in long (up 
to 10 m), thick (up to 5 cm) lenses in the lowest subunit of the Pilot Creek Formation 
(QPCl) in central Pilot Creek, and at the 'Elderberry Site', and in small lenses in the fan 
units QFl and QF2. In the Willow Bank Formation the charcoal is more abundant and 
not in thick lenses. It is scattered throughout the fine sediments in blocky particles (e.g. 
in Haystack Creek at V 40 and in Thylacine Creek at V50). 
Samples were collected in plastic vials and bags and submitted for processing as 
conventional dates to the Quaternary Dating Centre, A.N.U., in Canberra, to Sydney 
University Radiocarbon Laboratory in Sydney, and Beta Analytic Inc. in Florida, USA. 
One sample was processed using accelerator mass spectrometry (AMS) by Beta Analytic 
Inc. References to sample sites are made using the laboratory sample number prefixed by 
the processing laboratory code: ANU- Quaternary Dating Centre, Australian National 
University, Canberra; SUA- Sydney University Radiocarbon Laboratory, Sydney; and 
BETA- Beta Analytic Inc., Florida, USA. All ages are given as 'conventional years BP' 
based on the Libby half-life of 5,568 years (see Gupta and Polach, 1985). Any visible 
rootlets and soil particles were manually removed before submission. Laboratory 
pretreatments to remove possible contaminants were done to each sample. All samples 
were washed in hot hydrochloric acid to remove soil carbonates. All but one sample 
(BETA18297) were also washed in sodium hydroxide to remove humic acids. The 
NaOH soluble fractions were counted for each sample. For sample ANU8372 the HCl 
soluble fraction was also counted (see section 4.10.1). Gupta and Polach (1985) and 
Aitken (1990) provide detailed overviews of radiocarbon dating methods and potential 
errors. Dating res].llts and significance are provided and discussed in Section 4 .10. 
4.3.3. Nomenclature of Units 
Although different nomenclature is used in the stratigraphic literature pertaining to the 
' region for the formal classification of significant mappable Quaternary. stratigraphic 
units, such as 'Formation' (Prosser, 1990, 1991; Dansie, 1992), 'Pedoderm' (Pillans, 
1974; Kellet, 1981), and 'Unit' (Walker and Green, 1976; Coventry and Walker, 1977); 
the term 'Formation' is used in this study. Two formations are described in the Pilot 
Creek sequence. Formations are defined as mappable units distinguished from each other 
by a combination of attributes including unit morphology, grain size, lithology, colour, 
· degree and nature of post-depositional alteration (e.g. soils, calcretes ), sedimentary 
features (e.g. cross bedding, lamination, bioturbation), facies sequences and fossil 
content. It has not been possible to incorporate a lithological term in the name which is 
descriptive of the unit (e.g. Pilot Creek Sandstone) as recommended in the code 
(Australian Code of Stratigraphic Nomenclature, 1973) because there is no one 
dominant lithology representative of that unit, hence the use of the term 'Formation'. 
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4.3.4. Sedimentology and Pedology Methods 
For field descriptions of units it was necessary to combine descriptive terminology 
following standard sedimentary terms (Tucker, 1988) with those used by pedologists 
(Northcote, 1979). Sedimentary terminology alone was found to be inadequate in many 
sections because well-developed soils often masked sedimentary features. 
Grain-sizes were estimated in size classes: clays, clay-silts, silts, fine- to medium-grained 
sands, coarse sands, fine-grained gravels, and medium- to coarse-grained gravels. For 
this study it was not considered necessary to subdivide the sediments into more specific 
grain-size classes. The Factual Key (Northcote, 1979) soil classification system was used 
for soil descriptions. Colour was described using dry samples against the Munsell Colour 
System. The term 'soil' refers to material which is at the land surface influenced by 
biological activity (Pain et al., 1991). Soils are regarded as post-depositional alteration 
features developed in existing sedimentary units. 'Buried soils' are soils initially formed 
at the surf ace then subsequently buried by more recent sediments and are deep enough in 
the profile not to be effected by present day processes (Birkeland, 1984). 
The concepts of facies and facies sequences have been reviewed by many workers (see 
Walker, 1984; Blatt et al., 1991 ). The term facies is used in this thesis to refer to a body 
of sediment, generally a single bed, with specific physical attributes. The characteristics 
of the more common facies recognised in the mapped area of the Pilot Creek valley are 
shown in Table 4.1. A facies code system was used as a convenient shorthand 
description for sedimentological features. 
FACIES 
CODE 
FACIES CHARACTERISTICS 
Fs* Clays, silts, some lamination, lenticular bodies, beds up to 1.5 m thick. 
Fsl* Clays, silts, laminated horizontal beds. 
Fe Silty clay loams, grey , lenticular bodies. 
Fl* Fine sands - silts, extensive horizontal bedding, generally beds >10 cm, grey (10YR 
3/1, 10YR 3/3) or reddish (5YR 5/8, 7.5YR 5/8), no sedimentary structures. 
Sh Fine-medium sands, graded, lenticular and horizontal beds. 
Sp Sandy clay matrix supported coarse sands with suspended pebbles. 
Ss Well sorted sands, coarse-fine, beds 2-7 cm in horizontal beds, some low angle planar 
cross bedding. 
Sg Graded coarse-fine sands to silts, beds > 5 cm, irregular sized lens. 
St** Pebbly, coarse sand, graded internally, lenticular beds, low angle cross bedding. 
Gcp Fine gravel, pebbly, clast supported, well sorted, some imbrication, beds 5-10 cm, 
lenticular, coarse sandy matrix. 
Ge Gravel, clast supported, poorly sorted, subangular, beds generally > 1 O cm up to 3 m, 
lenticular or horizontal beds. 
Table 4.1. Facies classification scheme for Pilot Creek sediments (*modified from Miall, 1978; 
**modified from Brier1ey, 1991). F =fines, S =sands, G =gravels. 
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4.3.5. Fossil Collecting 
The majority of fossils were collected over the last ten years from the gully walls of Pilot 
Creek and its tributaries as they became naturally exposed, and excavations made to 
extend individual exposures. Positions of bones were recorded in field note books 
relative to the nearest datum, sketched or photographed. Plaster jacketing was used to 
stabilise some specimens until later preparation in Canberra. Many specimens were glued 
in the field using PV A, Bedacryl or Tarzans Grip. The three largest concentrations of 
bones, at 'Deep Pool Site', 'T-Site' and 'Poplars Site' (see Figure 4.4) were excavated. 
'Poplars Site' was excavated in 1989 (for methods see Appendix E). At 'Deep Pool Site' 
the fossils were located in the unit along the base of the very steep ~estcln gully wall and 
above a pool within the creek. For safety reasons the excavation into the side of the wall 
was restricted to only some 40 cm and laterally for 10 m. At 'T-Site' excavations in 1982 
by I. Davis and D. Ride were followed up in this study by removing and dry sieving the 
area around the deposits. 
4.4. GEOMORPHOLOGY 
The land surface of the Pilot Creek valley preserves a number of geomorphic features 
which reflect, in part, the Quaternary geological history of the valley. These features 
include a series of alluvial terraces, alluvial plains and fans. Examples of these features 
are shown in Figures 4.5 and 4.6. Extensive gully wall exposures along the length of 
Pilot Creek and across the valley in numerous tributaries provide a three dimensional 
view of many of these geomorphic features. 
A high terrace and low terrace are preserved in the landscape in the central area of the 
valley, indicating where palaeochannels are located. They are well preserved in the 
landscape in the area near the current Pilot Creek and Thylacine Creek junction (Figure 
4.5c). The high terrace has been eroded extensively by subsequent channels including the 
present creek, resulting in a discontinuous irregular shaped unit. In places it is over 9 m 
above the present creek. 
The low terrace forms a discontinuous sinuous bench set into the high terrace, with the 
step between the terraces being up to 3 m high. It has also been incised by the present 
creek. Downstream the low terrace pinches out where the valley narrows near the 
'Yalcowinna' homestead (Figure 4.6a). Some subsidiary terracing occurs within the low 
terrace in the area just north of the 'Thylacine' datum (Figure 4.5c). 
A way from the central part of the valley floor the low terrace widens out into alluvial 
plains on both sides of Pilot Creek. The contacts between the plains and adjacent terraces 
are often gradational on the surface. The plains extend laterally for some hundreds of 
metres across the valley, the most extensive plain being upstream of the Haystack Creek-
Pilot Creek junction (Figure 4.6a). 
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Figure 4.5. Pilot Creek Landscape and units 
(a) Pilot Creek gully looking north. The high terrace (A) is bisected by 
the creek. The low terrace (B) is inset into the high terrace. On the 
east bank th e dark coloured sediments of the 'Willow Bank 
Formation ' (C) overlie the red sediments of the 'Pilot Creek 
Formation' (D) . 
(b) Pilot Creek gu lly looking south . 'Red Bluff Site' (A) is indicated at 
the base of the high terrace, flanked by black sediments of the 
'Wi llow Bank Formation'. 
(c) Pilot Creek-Thylacine Creek junction. The fan unit, Of1 (A) from the hillslope 
merges into the high terrace (B). The low terrace (C) is inset into the high 
terrace. Some minor terracing within the low terrace occurs (D). Stratigraphic 
units seen in gully wall cross sections are 'pesa' (E) , 'Wil low Bank Formation', 
subunit QWB1 (F), and 'Pilot Creek Formation ', subunit QPC2 (G). 
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Several small(< 100 m across) moderately inclined fan-shaped units occur around the 
valley margins (Figure 4.6a). Their upper edges grade into the steeper mid-slope of the 
hill sides while their distal edges merge with the fluvial sediments in the valley floor. The 
toe-slopes of some fans are truncated by the low terrace and by the present creek system 
(e.g. QF2), while others coalesce with high terrace sediments (e.g. QFl) as shown in 
Figures 4.6bc. A large fan-shaped unit on the eastern side of the valley (QFl), has been 
partly incised along its northern side by a tributary, providing a longitudinal section 
through the unit. From the surface morphology QFl extends out toward the centre of the 
valley merging with'\he high terrace, the two being indistinguishable where they come 
together. However, from the longitudinal section exposing the lithology and bed contacts 
the extent of the fan unit can be tentatively ascertained. 
The present entrenched creek system is essentially a meandering stream with several 
tributaries confined to their courses by the steep gully walls (Figures 4. lc, 4.5, 4.6). 
Along the creek bed are small bench features actively being formed by contemporary 
creek incision. They are temporary features, frequently removed and reworked during 
flood events. In addition, there is scree material accumulated along the sides of the 
present creek beds at the base of the gully walls. Immediately adjacent to the present gully 
on the land-surface of the high terrace small levee banks are preserved in places. 
There is a strong relationship between the surface landform features and underlying 
stratigraphic units, as shown in Figures 4.5 and 4.6. By combining surficial maps with 
descriptions of gully wall exposures it has been possible to recognise and define at least 
six stratigraphic units. 
4.S. STRATIGRAPHIC CLASSIFICATION: UNIT DEFINITIONS 
The stratigraphic nomenclature used here for the Pilot Creek sequence is shown in Table 
4.2 together with the classification used by Ride et al. (1989). 
Two units are formally described as formations, the Pilot Creek Formation and the 
Willow Bank Formation. The geographic place names, 'Pilot Creek' and 'Willow Bank' 
appear on the Cooma 8725-IV-S 1 :25000 topographic sheet. The other four stratigraphic 
units are not given formation status for several reasons. Firstly, two units (QFl and QF2) 
are relatively small and defined essentially by their morphology and colour and both 
occur at only one locality each, thus not being mappable over a large area, unlike the two 
formations which are. In addition the radiocarbon dating evidence does not indicate the 
two units are contemporary (see Section 4.10). The 'Qu' unit is not well understood due 
to poor exposures, rendering it premature to allocate it formal nomenclature. The fourth 
unit (PESA) is a thin, locally occurring, non-fossiliferous surficial unit. 
Definitions of each unit are now presented. Detailed description follow in Section 4.6. 
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NOMENCLATURE 
This work 
Recent alluvium (PESA*) 
Fan 2 (QF2) 
Fan 1 (QF1) 
Wiiiow Bank Formation 
Willow Bank subunit 2 (QWB2) 
Willow Bank subunit 1 (QWB1) 
Willow Bank undifferentiated (QWB) 
Pilot Creek Formation 
Pilot Creek subunit 4 (QPC4) 
Pilot Creek subunit 3 (QPC3 
Pilot Creek subunit 2 (OPC2) 
Pilot Creek subunit 1 (QPC1) 
Pilot Creek undifferentiated (QPC) 
Undifferentiated sediments (Ou) 
Ride et al. (1989) 
Piiot Creek Light Brown (PCLB) 
Piiot Creek Light Brown (PCLB) 
Piiot Creek Black (PCB) 
Piiot Creek Red (PCR) 
upper or structured subunit 
middle or pebbly subunit 
lower subunit (a) graveVsands 
lower subunit (b) dark grey muds 
* alluvium inferred to be post-European settlement alluvium (PESA) 
Table 4.2. Stratigraphic nomenclature used for the Pilot Creek Quaternary stratigraphic units. 
4.5.1. Undifferentiated Sediments 
Throughout the valley are areas of sediment not attributed to the Pilot Creek Formation, 
Willow Bank Formation, or other defined sedimentary units and are mapped (see Figure 
4.6) as 'undifferentiated sediments' (Qu). They unconformably overlie the Ordovician, 
Silurian, and Tertiary bedrock. They generally underlie the Pilot Creek Formation, 
although some material occurs around the valley margins representing slope mantles 
produced by ongoing bedrock weathering and pedogenesis. The material is distinguished 
from the Pilot Creek Formation primarily by land surface morphology, the 
undifferentiated sediments being flat lying or gently sloping marginal red coloured 
sediments, while the extent of the Pilot Creek Formation is indicated by a gradual rise in 
the land surface onto the high terrace. The sediments are in areas which have poor 
exposures, having not been incised in cross section by gullies. No fossils have been 
found in these sediments and no radiometric dating carried out. Although inferred to be 
Quaternary in age these sediments may be of mixed ages, some beds possibly of pre-
Quaternary age, while others represent ongoing weathering profiles. 
4.5.2. Pilot Creek Formation 
The Pilot Creek Formation ('Pilot Creek Red' of Ride et al., 1989) is named after the 
creek which flows through the valley. It is a thick (up to 9 m) discontinuous unit 
occurring toward the centre of the valley (Figures 4.6ac). Its distribution is reflected, in 
part, on the land surf ace by the contours of the high terrace geomorphic feature, but it 
also occurs underneath other units as seen in gully wall exposures. The unit overlies 
'undifferentiated sediments' or unconformably rests on Ordovician metasediments on the 
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western side of the valley and Tertiary basalt bedrock in the centre of the valley. In many 
places the unit is capped by a well-developed Duplex soil (Red Podzolic following Stace 
et al., 1968). It is incised by younger palaeochannels infilled with sediments of the 
Willow Bank Formation, and by the present gully system. 
The Pilot Creek Formation is a red coloured sediment containing basalt, shale and schist 
clasts of highly variable grain size. Beds range in thickness from thin clay-silt beds ( 1-10 
cm) up to thick poorly sorted gravel beds (2 m thick), with considerable variation in 
sedimentary features, including coarse sand beds with internal grading and low-angle 
cross bedding, thick homogeneous clay-rich beds, finely laminated silt-clay beds and 
large-scale lenticular bodies of poorly sorted clast-supported gravels. 
Near the 'Main' datum (see Figure 4.4.) within the Pilot Creek Formation there is a 
sequence of at least four minor phases of deposition, each one defined as a subunit and 
referred to as QPCl to QPC4. They are separated by sharp erosional contacts and 
changes in facies sequences. QPCl is defined as a clay-rich subunit with small gravel 
lenses, is up to 2 m thick, and occurs at the base of the Pilot Creek Formation. QPC2 is 
up to 4 m thick and overlies QPCl. It comprises thick poorly-sorted gravel beds and high 
angle cross bedding in coarse sand beds. QPC3 is up to 2.5 m thick and is characterised 
by interbedded thin sheet-style sand and clay beds in a repetitive sequence of over 100 
narrow beds, many of which are laterally continuous for over 10 m. QPC4 is a 
pedogenised sand silt subunit lacking any internal bedding and is up to 1.5 m thick. 
However, the majority of the Formation comprises sediments attributed to the formation 
but not to any of the four defined subunits. These are referred to as QPC. 
The stratotype section for the Pilot Creek Formation is at V52, on the west bank of Pilot 
Creek 34 m upstream of the 'Main' datum (Figure 4.4). A detailed description is given in 
the next section (Section 4.6). 
Vertebrate fossils occur in abundance in the lowest beds of the Pilot Creek Formation at 
the following sites: 'Rat Hole', 'Alex's Wall', 'Deep Pool', 'Lamby', 'Briar Bush', 
'Edwins Comer', 'Double Dutch', 'Blue Tooth', 'Overhanging Post', 'Waterfall', 
'Diprotodon Peg', 'Lucky Red Robin', 'Plastic Bag', 'Lemon' and 'Red Bluff sites (see 
Figure 4.4). 
The age of the Pilot Creek Formation is considered Late Pleistocene. Three radiocarbon 
dates of 25,460 ± 810, 25,180 ± 330, and 25,100 ± 800 years BP have been obtained 
from the unit (see Section 4.10 for dating details). 
4.5.3. Willow Bank Formation 
The Willow Bank Formation ('Pilot Creek Black' of Ride et al., 1989) is named after the 
nearby homestead and crops out along much of the valley floor (Figure 4.6a). The 
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Willow Bank Formation comprises two channel infill subunits, QWB 1 and QWB2. 
Together they form a low terrace and extensive alluvial plains (Figure 4.6a). The low 
terrace is set into the high terrace of the Pilot Creek Formation, thus, the Willow Bank 
Formation is higher in the sequence and therefore younger than the Pilot Creek 
Formation, as seen in Figure 4.5c. 
The unit is dark coloured (grey-black) and dominated by weathered granitic by-products 
in thick fine-grained and mica-rich beds, with some highly organic beds. QWBl is a very 
dark grey silty clay subunit and appears in cross section as a U-shaped subunit. QWB2 is 
a grey sandy silt subunit in laterally extensive horizontal beds with some fine gravel beds. 
There are also sediments attributed to the formation (QWB) but not to one of the defined 
subunits. Soils in the unit are Uniform or Gradational (Prairie Soils following Stace et 
al., 1968). 
The stratotype section for the Willow Bank Formation is at V50, on the south bank of 
Thylacine Creek 36 m west of the 'Thylacine' datum (Figure 4.4) through subunit 
QWBl. A second section, V56 in Haystack Creek (Figure 4.4) preserves features of 
subunit QWB2. 
The age of the Willow Bank Formation is considered to be Holocene. Radiocarbon dates 
of 6,380 ± 230, 4,290 ± 70 and 3,210 ± 250 years BP from subunit QWBl and a date of 
2,240 ± 90 years BP from subunit QWB2 have been obtained (details of dates are 
provided in Section 4.10). 
Fossils in the Willow Bank Formation occur at 'Acacia', 'Mudslide' and 'South Wall' 
sites (Figure 4.4 ). 
4.5.4. Other Quaternary Units 
Along the valley margins fan-shaped units (QF) interfinger, underlie or overlie sediments 
of the main fluvial units in the valley (see Figure 4.6). The two largest fan-shaped units 
are fossiliferous (QFl and QF2). QFl interfingers at depth and overlies the upper-most 
beds of the Pilot Creek Formation (Figure 4.6c). It hosts the fossil site, 'T-Site'. A 
radiocarbon date of 11,660 ± 115 years BP has been obtained from this unit. QF2 
overlies sediments of the Pilot Creek Formation and is truncated by the present creek. It 
hosts the fossil site, 'Poplars Site' and has been radiocarbon dated with ages of 4,530 ± 
220, 4,600 ± 120, and 4,740 ± 210 years BP. 
A thin ( < 50 cm) fine-grained, silty, laminated unit (PESA) occurs intermittently across 
the valley overlying all other units and is referred to as recent alluvium. It lacks any soil 
development and contains sheep and cow bones, and is inferred to have formed post-
European settlement. 
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4.6. DESCRIPTIONS OF SEDIMENTARY UNITS 
Detailed descriptions of the various Quaternary sedimentary units are now given with 
emphasis being placed on the area of the valley where the fossil collecting sites occur. 
Figures 4.7 through to 4.13 illustrate the distribution of all units and subunits in 
longitudinal cross sections, presented in order from north to south (see Figure 4.4. for 
relative positions of cross sections). Locations of fossil collecting sites, stratigraphic logs 
and datum are also indicated on the longitudinal cross sections. 
4.6.1. Pilot Creek Formation 
The Pilot Creek Formation appears as a high terrace on both sides of the present Pilot 
Creek. There are good gully wall exposures of the Pilot Creek Formation in Haystack 
Creek, Pilot Creek, Thylacine Creek and Elderberry Creek, as indicated in Figures 4.7 -
4.13. It is best exposed in the central part of the valley upstream of the Pilot Creek-
Thylacine Creek junction (longitudinal cross sections E-E', F-F and G-G', Figures 4.10 
and 4.11) and in stratigraphic logs V51-52, V62, V64, V66, V72, and V75-76 
(Appendix C2). 
The designated stratotype section, V52, is located at 'Alex's Wall Site' (Figure 4.10) and 
shows the subunits QPC1-QPC4 in sequence. The section is pictured in Figure 4.14a 
(and see Appendix C2 for sketch). The section has a basal clay-rich bed comprising some 
2 m thick of a silty clay matrix (facies Fs) interspersed in places with small gravel lenses 
and is referred to as subunit QPCl. A 3-5 cm band of blocky charcoal horizontally 
dissects the clay-rich bed. The lower contact is obscured by scree material and water. 
The upper contact of the thick clay-rich bed is sharp and horizontal, separating it from a 
poorly sorted clast-supported gravel bed (facies Ge), dominated by basalt clasts (subunit 
QPC2). The gravel bed is up to 40 cm thick in this section (V52), but elsewhere is up to 
2 m thick (e.g. near V66). It is overlain by a 3.5 m thick sequence of long, narrow (1-10 
cm) sheet-style beds of well-sorted fine sands, silts and clays (alternating facies 
Ss/FsVSs/Fsl etc.) separated by sharp well-defined bed contacts (subunit QPC3). In V52 
over 100 beds have been counted in a vertical sequence. Some beds show low-angle 
cross bedding and many silty clay beds show fine horizontal lamination. Individual beds 
can be laterally traced for over 10 m. The sequence of narrow beds is overlain by the 
QPC4 subunit, being up to 1.5 m of red-brown (7.5YR 4/4) sandy silt (facies Fl), and 
separated by a sharp but irregular contact. There are no obvious sedimentary structures in 
the subunit, which is largely pedogenised, showing large voids and a blocky ped surface 
(Figures 4.14a). The top of the section is marked by 0.5 m of overlying Willow Bank 
Formation, here represented by a dark grey silty clay. The contact between the two 
formations is indicated by a marked colour change from red to black and change in grain 
size from sands to silty clay. 
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The sequence described at the stratotype section (V52) continues for some 100 m 
upstream (to near V72, Figure 4.14d), 50 m downstream (V64, V76 in Appendix C2), 
and is also exposed in the opposite gully wall (V62 and V75 in Appendix C2). 
Detailed descriptions of the four subunits represented at the stratotype section (V52) and 
lateral variations are as follows. 
Subunit 1 (QPCJ) 
The QPCl subunit is laterally continuous for some 200 m north-south of the stratotype 
section and is exposed on both sides of Pilot Creek. It only occurs in the central part of 
Pilot Creek in the vicinity of the 'Main' datum near the Thylacine Creek-Pilot Creek 
junction and is at the base of the gully walls. In places the upper contact of the subunit 
shows clay shrinkage and soil cracks (e.g. 'Briar Bush Site'). Sections which best 
illustrate the distribution of this subunit are longitudinal cross sections E-E' and F-F 
(Figures 4.10 and 4.11), and stratigraphic logs V66, V52, and V72 (Appendix C2). 
Charcoal lenses in the subunit have been radiocarbon dated (25,460 ± 810 and 25,180 ± 
330 years BP; see Section 4.10 for details). Fossils have been found in this subunit. 
Subunit 2 (QPC 2) 
The QPC2 subunit is predominantly a coarse gravel-sand subunit, and includes thick 
clast-supported poorly sorted gravel beds (facies Ge) and coarse sand beds, some 
preserving low-angle cross bedding (e.g. V72, Figure 4.14d). It occurs in sequences of 
over 4 m thick (e.g. V66) overlying QPCl with some thick gravel beds extending 
laterally for over 100 m. Fossils have been recovered from this subunit. 
Subunit 3 (QPC3) 
Thin (2-7 cm) sheet-style sand (Ss facies) and clay (Fsl facies) beds are characteristic of 
this subunit. It is exposed in the gully walls of Pilot Creek in the centre of the 
fossiliferous area. The beds are clearly defined with sharp contacts, some scoured but 
most horizontal. They occur in facies sequences (facies Ss/FsVSs etc.) to a depth of some 
3 m, (e.g. Figure 4.14a). Over 100 beds were counted in V52, and over 70 in V75. 
Variations of the subunit are exposed in Thylacine Creek (V42), in cores from south of 
Thylacine Creek (C2, C5, C7, C8, Cl8, and C19) and downstream of the Thylacine 
Creek/Pilot Creek junction on the east bank where individual bed thickness is more 
variable. Key sections for QPC3 include longitudinal cross sections E-E' and F-F and 
G-G' (Figures 4.10 and 4.11) and stratigraphic logs V66, V52, V72. No fossils have 
been recovered from this subunit. 
Subunit 4 (QPC4) 
This subunit is a highly pedogenised sheet deposit with an irregular basal contact with 
underlying subunits. It occurs at the top of the high terrace and has little or no internal 
bedding and lacks sedimentological structures, which may have been overprinted by 
pedogenesis. 
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The subunit (QPC4) is best exposed in longitudinal cross section E-E' (Figure 4.10) and 
in stratigraphic log V52. No fossil have been recovered from this subunit. 
lilteral Variation in Formation 
Lateral variations in the Pilot Creek Formation differing from the stratotype section 
include incomplete sequences, variation in bed thickness, different orders of facies and 
differing degrees of post-depositional alteration in the form of pedogenesis and calcrete 
development. An example is upstream in gully wall exposures in Haystack Creek 
(longitudinal cross sections A-A' and B-B', Figure 4.7, and see Figure 4.14b). Here the 
Pilot Creek Formation is only 2.5 m thick and is a deep red colour (5YR 4/6, 7 .5YR 4/4, 
mottled) with a well-developed Duplex soil (soil profile S47) preserved in the upper 10-
30 cm (e.g. in V47, V48). The unit comprises a fining upward sequences with coarse 
basalt gravels at the base grading upward to the clay-rich soil horizon. Some calcrete 
nodules occur in the upper 0.5 m of the unit (V 49). The unit in Haystack Creek on the 
surf ace appears as a high terrace, hence inferred to be part of the Pilot Creek Formation, 
and is incised by a broad but shallow palaeochannel infilled with the overlying Willow 
Bank Formation (Figure 4.14b). The contacts between the two formations are very 
distinctive and sharp. 
In the area of central Pilot Creek upstream of 'Overhanging-post Site' and 'Plastic Bag 
Site' (Figures 4.10 and 4.11) the Pilot Creek Formation is a deep profile ofred coloured 
sediments of highly variable grain-size. An example as at V66 where the sequence begins 
with a heavy clay, with overlying laterally extensive clast-supported gravel beds up to 1.5 
m thick in places (Figure 4.14c). Overlying the gravels are interbedded coarse sand facies 
(facies St and Sg) and then a sequence similar to the QPC3 subunit. The section is capped 
by a dark well-developed Duplex soil (Dark Clayey Duplex, Ddl.4) with bleached A2 
horizons (Soil profile S66). 
4.6.2. Willow Bank Formation 
The Willow Bank Formation is a sequence of fine- to coarse-grained sandy and mica-rich 
beds (facies Fe and Fl) with some small gravel lenses (facies Gcp) and is dark coloured 
(grey-black). The geomorphology of the unit on the land surface is as a low terrace inset 
into the high terrace of the Pilot Creek Formation and in places extends across the alluvial 
flats in wide sheet-style deposits. Some of the different styles of the unit are illustrated in 
Figures 4.15a-e. 
The stratotype section for the Willow Bank Formation, V50, is through a 3 m thick 
sequence in the low terrace (Figures 4.9 and 4.15a). The base of the unit is indicated by a 
well-defined U-shaped contact separating the basal bed, a fine gravel, from a red (lOYR 
5/2 and 5/4) silty clay bed of the Pilot Creek Formation and a large basalt outcrop. The 
remainder of the sequence comprises fine-medium sands, clays and silts in beds of 0.5-1 
m thickness (facies Fe) with some internal grading, and some thin gravel beds. 
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V56, the dating site ANU-8102. 
(e) 'Willow Bank Formation' (QWB2 subunit) in upper Thylacine 
Creek showing similarity to unit in Haystack Creek (see above) . 
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There is visible blocky charcoal fragments scattered throughout the lower (2.6 - 3.0 m) 
beds in the section which have been dated (3,210 ± 250 years BP). 
Similar sequences are found westward from the stratotype section toward the Thylacine 
Creek- Pilot Creek junction, along Pilot Creek from near the 'Main' datum to V67 at the 
'Elderberry Site', as shown in longitudinal cross sections F-F', G-G' and H-H' (Figures 
4.11 and 4.12), and downstream from the 'Poplars' datum (Figure 4.13). The Willow 
Bank Formation is essentially following the present course of Pilot Creek only some 30 
m to the east then, where the valley narrows, it fills most of the valley floor. Upstream of 
the Thylacine Creek - Pilot Creek junction its palaeochannel course is more difficult to 
map as it is not exposed in the gully sections. From aerial photographs and cores it 
appears to curve to the north for some 120 m from the 'Thylacine' datum and 30 m east 
of Pilot Creek, where its course becomes less well defined (Figure 4.6a). 
Elsewhere, as in the upper reaches of Thylacine Creek and Haystack Creek (Figures 
4.15c and 4.15e), Pilot Creek (V40, Figure 4.8) and Elderberry Creek (V57, Appendix 
C2) the Willow Bank Formation is a broad flat-lying grey (lOYR 4/2) sandy silt unit. 
These deposits represent subunit QWB2, and contrast with the U-shaped darker channel 
deposits of QWB 1 at the stratotype locality. 
In Haystack Creek (V56, Figure 4.15c) the Willow Bank Formation is some 3 m thick of 
grey (lOYR 4/2) homogeneous silty sands (subunit QWB2). Some pedogenic alteration 
has occurred through the section (e.g. soil profile S56) forming a Uniform (Um6.32 of 
Northcote, 1979) soil with large blocky prismatic peds on the exposed surface of the 
gully. Charcoal particles are visible in the upper metre of the unit, and have been dated as 
2,240 ± 90 years BP (see Section 4.10 for dating). 
There are also sediments attributed to the Formation (QWB) but not to one of the defined 
subunits. These occur in the upper part of Pilot Creek east and north of longitudinal cross 
section C-C' across the alluvial flats. Sediments in cores from this area (Cl 7, 21-24) 
show a dark crumbly clay-rich horizon (lOYR 3/2 and 3/1) in the upper 0.5-1.0 m 
overlying red coloured sediments of the Pilot Creek Formation. They are inferred to be a 
continuation of the QWB sediments exposed in the gully walls in Haystack Creek, upper 
Pilot Creek and upper Thylacine Creek. However, it is possible that they represent a thick 
organic rich A horizon subsequently developed in the upper meter of the Pilot Creek 
Formation. 
4.6.3. Fan-shaped Units 
There are numerous fan-shaped units along both the eastern and western margins of the 
Pilot Creek valley. The units vary in size and lithology reflecting the rock type from 
which they originate, the largest being QFl comprising predominantly of weathered 
products from the nearby steep hillslope of Ordovician banded gneiss. 
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Figure 4.16. Fan Uniits in Pilot Creek. 
(a) Thylacine Creek gully exposure at V42, 
through the Qf1 unit (A) and 'Pilot Creek 
Formation' (B) . 
(b) Facies Sp, found in the Of1 unit, inferred 
to be co\luvial material (red scale = 1 O cm). 
(c) Facies Gcp, found in the toe of fan unit, 
Qf1' at 'Thylacine' datum. 
(d) 'Poplars Site' after 1989 excavation, through QF2 unit. 
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Others along the more gently sloping western side of the valley are smaller and comprise 
predominantly of basalt and mica-rich shales and schist. The distal toes of these units are 
frequently truncated by the present incising gully system. They have diffuse irregular 
basal contacts with the fluvial units in the valley floor. The two fossiliferous fan units, 
QFl and QF2 have the following features. 
Quaternary Fan 1 (QFJ) 
This unit is illustrated in longitudinal cross section D-D' (Figure 4.9), and stratigraphic 
logs V42 and V43 (Figure 4.16a; Appendix C2). The unit has a moderately low angled 
slope to the east and declines westward across the valley where it intersects the high 
terrace of the Pilot Creek Formation near the 'Thylacine' datum. Its most northern extend 
is marked by the gully wall of the current Thylacine Creek which takes a sharp bend to 
the west following the edge of the unit 
The unit is dominated by a thick (up to 3 m) sandy silt matrix supporting small 
subrounded poorly sorted pebbles of gneiss, quartz and some basalt (facies Sp figured in 
4.16b). There is a small calcrete horizon in the upper 1 metre. Toward the western extent 
of the unit, near the 'Thylacine' datum, the unit coalesces with fine well-rounded, well-
sorted, pebble lenses (facies Gcp figured in 4.16c) of the Pilot Creek Formation. At this 
point the land surface is the high terrace. The basal contact separating QFl from the 
underlying well-bedded silt/sand/clay sequence of the Pilot Creek Formation is irregular 
and diffuse in most places. It is therefore difficult to establish whether the unit (QFl) is 
interfingering with the Pilot Creek Formation and therefore contemporary, or whether it 
is superimposed and therefore younger (see Section 4.9 for more discussion). A buried 
soil in the gully wall in what would be the proximal part of the fan wedge (S43 and V43) 
indicates there may have been intermittent alluviation. 
Fossils have been collected along the southern gully wall in the QFl unit in the vicinity of 
'Thylacine' datum. A radiocarbon date (BETA-32682, see Figure 4.9) of 11,660 ± 115 
years BP was obtained from the bone bed at 'T-Site' in the QFl unit. 
Quaternary Fan 2 (QF2) 
The second fossiliferous fan-shaped unit, QF2 is illustrated in longitudinal cross section 
J-J' (Figure 4.13) and stratigraphic log V68. It is inset into well-bedded red coloured 
( lOYR 6/6) sediments of the Pilot Creek Formation and is truncated across the eastern 
side by the present creek channel (Figure 4.16d). It is not exposed on the opposite gully 
wall. The unit is up to 3 m thick and is predominantly a brown (lOYR 5/6; lOYR 3/3) 
silty loam to clay loam which has been indurated with powdery calcrete and pedogenesis 
forming large voids and a very porous matrix. Charcoal lenses toward the base of the unit 
at depths of 2.4 m - 2.8 m have been radiocarbon dated, with results of 4,530 ± 220, 
4,600 ± 120 and 4,740 ± 210 years BP (see Section 4.10 for dating details). Vertebrate 
fossils occur throughout the QF2 unit including the bone concentration at the 'Poplars 
Site'. 
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4.6.4. Recent Alluvium (PESA) 
A thin ( < 50 cm) fine-grained, well laminated, light brown, unmodified, silty unit 
(PESA) occurs intermittently across the valley. The best exposures of the unit are on the 
eastern bank near the Pilot Creek-Thylacine Creek junction overlying sediments of the 
Willow Bank Formation and near 'Acacia Site'. Some sheep and cow bones have been 
recovered from this unit. 
4.7. DESCRIPTIONS OF SOILS AND CALCRETES 
4. 7 .1. Soils 
The soils in the Pilot Creek valley are significant as stratigraphic indicators, in some cases 
indicating a hiatus in the sedimentary record and periods of land surface stability and 
contribute in part to the estimation of the age of particular units. There are essentially two 
soil types in the valley: well-developed highly differentiated Duplex soils on the high 
terrace and at the valley margins; and Gradational and Uniform soils with minimal profile 
development on the low terrace and alluvial plains. Soil profiles are shown in Appendix 
C3. 
The well-developed Duplex soil profiles are in some cases buried, underlying more recent 
sedimentary units (e.g. in Haystack Creek at V 48) and are often partially truncated. 
Elsewhere the duplex soils represent relic soils but at the present land surf ace. The soils 
toward the valley margins (soil profiles S47 and S57) are well-developed Red Clayey 
Duplex (Dr) while those toward the centre of the valley on the high terrace (soil profile 
S66) are Dark Clayey Duplex (Ddl.4) with bleached A2 horizons. These soils are similar 
to the Red and Yellow Podzolic soils of Stace et al. (1968). 
The majority of gully wall profiles through the alluvial flats and low terraces preserve 
dark coloured highly pedal soils with angular blocky or prismatic soil structure. These 
soils are either Gradational (Gn) or medium textured Uniform (Um6) soils. They are 
similar to the Prairie soils of Stace et al. (1968). 
4.7.2. Calcretes 
Although there are many definitions for terrestrial accumulations of carbonates in 
sediments (e.g. Logan et al., 1970; Read, 1974; Netterberg, 1978; Milnes and Hutton, 
1983; Nettleton, 1991) the term 'calcrete' has been used here (after Milnes and Hutton, 
1983) in its broader sense to refer to pedogenic carbonates. 
In the Pilot Creek valley calcretes have been located in three cores (CS, Cl8, C19), and 
in gully wall exposures in Haystack Creek (longitudinal cross section B-B'), in Thylacine 
Creek particularly near the 'Thylacine' datum (longitudinal cross section D-D'), and at the 
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'Poplars Site' (longitudinal cross section J-J'). They are generally very localised deposits 
not extending more than a few metres, and are in horizons up to 80 cm thick. In the cores 
the calcrete horizon occurs at depths ranging from 130-170 cm. At the 'Thylacine' datum 
the horizon spans a depth from the land surface of 50-100 cm and at the 'Poplars Site' it 
occurs at depths from 70-150 cm. In Haystack Creek the calcrete horizon is at depth 100 
cm. 
The calcretes are generally visible as a soft powdery grey-white horizon and react to 
hydrochloric acid with visible effervescence. Where bone is in contact with the calcrete 
horizon (for example at the 'Poplars Site' and 'T-Site') cementation occurs around the 
bone as hard nodules. 
4.8. F ACIES AND SOIL INTERPRETATIONS 
4.8.1. Pilot Creek Formation 
The Pilot Creek Formation represents a dynamic fluvial environment with channel, flood 
plain and swamp facies interspersed with each other. The thick sedimentary unit indicates 
there was a massive period of deposition in the valley floor accumulating over 9 m of 
sediment in places. Some sediment is probably re-worked from older unconsolidated 
deposits, but additional sediment from the surrounding hillslopes is likely, to account for 
the deep profiles. A loss in vegetation cover on the hillslopes at this time is probable to 
enable release of sediments in slope mantles. There is no indication of any major time 
breaks within the Formation such as a well-developed buried soil horizon or significant 
change in the various attributes of the unit. The entire unit is thus considered to have 
formed in a relatively continuous and short pericxl of time. 
In the central part of the valley where the four subunits are preserved that sequence of 
facies gives some indication of the nature of the changing palaeoenvironments in that part 
of the valley. 
At V52 the sequence begins with the basal subunit, QPCl, comprising a large body (up 
to 1.5 m) of fine clay-rich sediment (facies Fs). It is inferred to have formed in a low 
energy environment such as a backswamp deposit on a flood plain similar to those 
described by Leeder (1982) and Walker and Cant (1984). Small gravel lenses within the 
subunit represent small channel lag deposits formed by meandering streams passing 
across the flood plain. Ride et al. (1989, p. 88) interpreted this subunit as indicating 
'deposition in an open valley from a stable channel with extensive alluvial flats and 
swamps.' This subunit is the most fossiliferous, suggesting the flood plain and swamp 
environments are ideal for fossil preservation (discussed further in Chapter 7). 
The overlying subunit, QPC2, comprises much thicker and coarser-grained beds which 
are laterally continuous for some 100 m and traceable on both gully walls. The clast 
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supported gravel beds and cross bedded sands (facies Ge and St) represent lag deposits 
and sand bars in a high energy flow regime, such as in a large channel, with large 
sediment supply producing the thick poorly-sorted gravel beds. This phase of deposition 
represents a shift in the main channel in the valley toward the centre, and also an increase 
in local sedimentation. 
The QPC3 subunit overlying the coarse gravels and sands, comprises many thin ( < 10 
cm) beds (over 100 beds in places) of well sorted sands (facies Ss), silts and clays (facies 
Fsl), with individual beds being laterally continuous for over 10 m. This sequence is 
tentatively inferred to be an overbank and flood plain sheet-style deposit representing a 
repetitive cyclic phase of flood events. It is unusual in that the bed contacts are sharply 
defined, sediments are well sorted and fine grained, and yet in such a thick sequence. No 
modem analogue has been found to satisfactorily explain this facies sequence. 
At the top of the sequence at V52 is subunit QPC4. It is inferred to be a low energy flood 
plain facies of slowly accumulated suspended fines which have subsequently been altered 
by pedogenesis. The unit shows little sedimentary features such as bedding, and is of 
fairly uniform fine grain size. 
The well-developed Duplex soil in the upper 0.5 m of the Formation suggests a long 
period of surface stability has followed the depositional phase of the upper beds of the 
Pilot Creek Formation. The m~ture soil is similar to others in the region such as Walker 
and Coventry's (1976) high-contrast solum stage, Walker and Green's (1976) strongly 
differentiated A and textured B horizons on high terraces, and Sleeman and Walker's 
(1979) Duplex Red podzolics occurring on high alluvial terraces of Pleistocene age. 
4.8.2. Willow Bank Formation 
The second major period of deposition in the valley relates to sediments of the Willow 
Bank Formation. Small gravel lenses accumulated in the beds of palaeochannels (facies 
Ge) followed by a long slow infilling with fine grained, mica-rich sediments (facies Fe) 
in an environment similar to 'swampy meadows' described elsewhere in the region by 
Prosser (1988; 1990). The broad alluvial flats were also produced during this period with 
sedimentation across more open flood plains rather than slow infilling of old 
palaeochannels. These beds are similar to 'floodout' units described by Erskin and 
Melville (1984) and Prosser (1988). The lateral and horizontal extend of the sediments in 
thick homogeneous beds (facies Fl) separated by thin gravel channel lag deposits (facies 
Gcf, Ge) suggests several cycles of major flooding and channel migration occurred. In 
the upper reaches of Thylacine Creek the broad palaeochannel deposits (QWB2) 
dominating the gully exposures (facies Fl) are broad flood plain overbank deposits. A 
generally wetter environment than during the Pilot Creek Formation is inferred, with 
organically rich, marshy, wet grasslands and flood plains and occasional higher energy 
episodes forming narrow stream lag deposits. 
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The Uniform and Gradational soils (Prairie soils of Stace et al., 1968) in the Willow 
Bank Formation have developed in more recent times, suggested by the immature nature 
of the soils which are generally uniform and mildly organic. Similar soils are recognised 
around the region occurring as immature uniform profiles developed on lower terraces in 
the landscape (Gunn, 1969; Walker and Coventry, 1976; Sleeman and Walker, 1979). 
In summary, the thick sedimentary sequence of the Pilot Creek Formation indicates 
widespread hillslope sediment instability due probably to reduced vegetation cover, and 
active alluviation of the valley floor. In contrast, the dark coloured and fine grained 
sediments of the Willow Bank Formation are interpreted as representing a period of slow 
and steady alluviation in the valley, with vegetated slopes and valley floor. Between the 
two phases was a period of erosion scouring out much of the thick sediment 
accumulations of the Pilot Creek Formation. 
4.8.3. Fan-Shaped Units 
The fan-shaped units along the valley margins are interpreted to be alluvial/colluvial fans. 
They have three dimensional wedge-shaped morphology, poorly-sorted matrix-supported 
beds (Figure 4.16b) inferred to be colluvial material, and small pebble lenses representing 
small channels working across the distal toe of the fan. Some fans such as the QFl fan in 
Thylacine Creek may have been accumulating intermittently, indicated by a buried soil 
surface in the proximal part of the fan wedge at V43 (and S43). Fluctuations in 
deposition would be caused by changes in vegetation cover on the hillslope causing 
fluctuating amounts of source material, change in climate altering precipitation, and the 
angle of the hillslope as the fan sediments build up (Blair and McPherson, 1994). There 
is no evidence of Quaternary tectonic activity in the valley. 
4.8.4. Recent Alluvium (PESA) 
The thin sedimentary unit overlying the Willow Bank Formation is inferred to represent 
the recent depositional surface during major flooding events. Little or no soil forming 
processes have altered the unit, with sedimentary features including lamination and sharp 
bed contacts still preserved. This unit corresponds to the KO unit of Butler (1959) and 
alluvial soils of Sleeman and Walker (1979) described from southeastern Australia. 
4.8.5. Calcrete Interpretation 
Pedogenic calcretes similar to those found in the valley are formed in arid or semi-arid 
climates where the annual rainfall is 400 - 600 mm (see Goudie, 1983; Klapper, 1983; 
Milnes and Hutton, 1983). The present annual rainfall for the Pilot Creek valley is 500 
mm. The low rainfall is not sufficient to leach out the calcium carbonate from its source, 
instead the calcium carbonate is locally translocated and precipitated. They generally form 
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on low angle slopes or fans and in the valley floor, but not on the steeper slopes, and are 
more abundant in areas associated with basic rather than acidic rocks (Goudie, 1983). 
The processes of calcrete formation are discussed in more detail in Chapter 5.8. 
In the Pilot Creek valley calcrete horizons are few and poorly developed, occurring in the 
two fan-shaped units (QFl and QF2), in cores in the area south of Thylacine Creek (C5, 
C 18, Cl 9), and in Haystack Creek in a shallow area of the Pilot Creek Formation. 
The calcretes in the QF2 unit must have formed during the late Holocene some time after 
that unit was deposited (see section 4.10 for dates). The calcretes at the 'Thylacine' 
datum must be less than 11 ka. It is also possible that recent deforestation in the past 200 
years has effected water tables and calcrete precipitation, making calcrete development a 
very recent phenomenon. The calcretes do not occur in the Willow Bank Formation 
which comprises sediments from the acid volcanics (the foliated granites) which are poor 
sources of calcium carbonate (Goudie, 1983). A likely source of the calcium carbonate is 
from the weathering of the Tertiary basalts where calcium has been measured as one of 
the highest elements to be lost from weathering of the Monaro basalts (see Eggleton et 
al., 1987). 
Elsewhere in the Monaro region calcretes are found in relative abundance along many 
gully exposures. At Teapot Creek Dansie (1992) describes extensive nodular calcrete 
horizons in Pleistocene and Holocene sediments. At Bunyan Siding Site a thick calcrete 
pan is described (Chapter 5), while at Rock Flat Creek Site calcretes have indurated what 
are described as Holocene sediments (Chapter 6; Feary et al., in prep.). 
4.9. RELATIVE CHRONOLOGY OF SEDIMENT ARY EVENTS 
From the 10 measured longitudinal cross sections, 26 stratigraphic logs and 19 cores 
describing the Pilot Creek valley-fill sediments six stratigraphic units have been defined 
in a sequence of some 9-10 m depth. The relative chronology of these units is now 
discussed, incorporating facies interpretations and additional environmental data from 
pollen analyses, details of the latter being provided in Appendix D. 
Figure 4.17 shows the generalised relative stratigraphy of the Pilot Creek Quaternary 
valley-fill sequence. Most of the Quaternary sedimentary sequence is well represented in 
sections in the gully walls with clear superposition of units. Where the chronology of 
some units is only tentatively inferred, such as the placement of the QFl unit and 
contained 'T-Site' fauna, these are indicated and discussed. Radiocarbon dates discussed 
in section 4.10 are also shown on Figure 4.17. 
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Figure 4.17. Generalised stratigraphy of the Pilot Creek Quaternary sequence. 
(F = fossils in unit; - - - boundary uncertain) 
219 
Chapter 4: Pilot Creek Stratigraphy 
4.9.1. Undifferentiated Quaternary Sediments (Qu) 
The entire Quaternary sequence unconformably overlies either Tertiary, Silurian or 
Ordovician bedrock depending on location within the valley. Sediments around the valley 
margins are inferred to underlie the Pilot Creek Formation from surf ace morphology, the 
contact between the two units not being exposed. It is inf erred that at least some of these 
sediments pre-date the Late Pleistocene Pilot Creek Formation. However, some of the 
sediments are forming on weathered hillslope bedrock and are therefore of unknown age. 
4.9.2. Major Deposition Phase I: (high terrace infill) 
The Pilot Creek Formation represents the oldest major phase of Quaternary sediment 
accumulation in the valley floor. There are considerable lateral and vertical facies changes 
evident in the unit. This suggests the bulk of the unit has been deposited in an active 
phase of fluvial activity in a number of environments including flood plains, swamps and 
complex channel cut-and-fill phases. A large channel frequently migrating across the 
valley floor is probable. From a pollen study carried out in Pilot Creek (see Appendix D 
for details) the vegetation of the valley floor in the central part of the valley at a time 
corresponding to the beginning of the deposition of the Pilot Creek Formation is inferred 
to be a grassland, dominated by daisy species with some herbaceous cover. There is little 
evidence of trees in the valley at this time. 
The mature soil profile with well differentiated soil horizons on the surface of the 
Formation indicates a long period of surface stability and the cessation of new sediment 
deposition over the existing unit. 
4.9.3. Channel Incision 
A major period of channel incision has occurred some time after the first major phase of 
deposition and soil development. From aerial photographs, cores and gully wall 
exposures the course of the palaeochannel is inferred to have been to the east of the 
present creek channel for some distance then following the present channel course further 
downstream (see QWB unit distribution in Figure 4.4.). It has incised into the Pilot 
Creek Formation. The palaeochannel has also incised the QFl unit, thus implying that 
that unit pre-dates the channel incision phase. It is not clear weather a third unit, QF2, is 
incised by the palaeochannel (see below). 
4.9.4. Fan Units 
QFl is the largest fan unit, occurring on the eastern side of the valley. In gully wall 
exposures along Thylacine Creek the contact between QFl and the underlying Pilot Creek 
Formation sediments is diffuse. However, a contact at V42 supports the interpretation for 
the QFl unit being younger than some sediments of the Pilot Creek Formation. The 
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contact between the slope-wash facies of QFl and the well-sorted finely bedded 
sediments of the Pilot Creek Formation in cores C2, C5, C7, C8, C18 and C19 suggests 
the fan unit extended well out onto the high terrace to a depth of about 1 m. The 
palaeochannel (infilled with Willow Bank Formation) has incised both QFl and QPC 
sediments, as seen in Figure 4.15a, inferring these units are older than the base of the 
palaeochannel. 
Further evidence for the QFl fan unit pre-dating the palaeochannel incision phase comes 
from the observation that the course of the palaeochannel, and the present creek, both 
take an abrupt turn to the west at the point where the QFl unit occurs, suggesting the fan 
unit was already in place when the palaeochannel was forming, forcing the channel to 
veer westward around the large body of sediment. 
The other fan unit is QF2 at the 'Poplars Site' which is inset into the Pilot Creek 
Formation and is therefore younger. The contact is just discernible in the western gully 
wall exposure. The underlying Pilot Creek Formation is clearly incised by the 
palaeochannel, as indicated in Figure 4.13. However, the contact between the overlying 
QF2 unit and the palaeochannel at the southern end is not clear, the fan being inset into 
the Pilot Creek Formation (Figure 4.13). Thus, QF2 may have accumulated before, at the 
same time, or after the infilling of the palaeochannel with the Willow Bank Formation. 
The toe of the fan is truncated by the present creek, with no QF2 or Pilot Creek 
Formation sediments being exposed on the opposite (eastern) gully wall. 
4.9.S. Major Deposition Phase II: Palaeochannel Infill 
The second major phase of deposition is represented by the Willow Bank Formation, 
involving the slow and steady infilling of the palaeochannels with dark-coloured mildly 
organic, fine-grained, well-sorted, sandy clay sediments. In places, the sediments have 
infilled deep U-shaped palaeochannels (e.g. near V50 and V51), forming the low terrace 
seen in the landscape today (QWB 1 subunit). In the upper part of the valley the 
palaeochannels are much shallower and broader (e.g. in Haystack Creek and upper 
Thylacine Creek) and when infilled, form broad alluvial plains (QWB2 subunit). Similar 
channel infill units in the region at Wangrah Creek are described by Prosser (1988, 1991) 
and inferred to have formed in well vegetated 'swampy meadow' conditions in and 
around water courses comprising chains of ponds, rather than flowing streams, with the 
deeper profiles being furthest downstream. These deep pools and chains of ponds were 
in abundance in the region when early settlersarrived (see Eyles, 1977ab). The lack of 
significant soil development in the Willow Bank Formation suggests the infilling phase 
has occurred in relatively recent times, in comparison to the mature soils developed on the 
surface of the Pilot Creek Formation. 
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4.9.6. Recent Deposition and Incision 
The small laminated unit, 'PESA', overlies sediments of the Willow Bank Formation in 
the central and lower parts of the valley. It is thus inferred to be one of the most recent 
units in the valley-fill sequence. The presence of sheep and cow bones in the unit 
supports an age of within the last 200 years. Deep gully incision has also occurred in 
recent times, producing the deep sections through the valley sequence. Gully wall 
collapse has produced a scree pile at the base of the gully walls which is often removed 
and redeposited during flood events. 
4.10. DATING OF STRATI GRAPHIC UNITS 
Radiocarbon dates have been obtained from most stratigraphic units (for methods see 
Section 4.3.2). Alternative dating methods are proposed as future work. 
4.10.1. Age of Pilot Creek Formation 
Radiocarbon Dating 
The age of the Pilot Creek Formation is considered to be Late Pleistocene. This age 
estimate is based on three radiocarbon dates (25,460 ± 810, 25,180 ± 330, and 25,100 ± 
800 years BP), lithocorrelations with dated units in the region of between 20-30 ka, and a 
fauna which comprises essentially Pleistocene taxa with some extant species (see 
Chapters 6 and 7). All three dates were collected at the base of the Formation. 
No material suitable for radiocarbon dating has been located near the top of the Pilot 
Creek Formation. However, lithological similarities between the QPC4 subunit at the top 
of the formation and the QFl unit (dated at 11,660 ± 115 years BP, see below), and their 
apparent coalescing contact, suggests the Pilot Creek Formation may have been in an 
intermittent phase of deposition from 25 ka to 11 ka. 
Two of the dates, ANU-8372 and BETA-18297 were collected from the same charcoal 
bed which is exposed on opposite gully walls, at 'Lamby Site' (V64) and 'East Deep 
Pool' respectively. The bed is 2-5 cm thick, continues for some 6 metres along the face 
of the gully walls and contains abundant fine charcoal particles. For sample ANU-8372 
two fractions (A and B) of the sample were counted, giving results of 17 ,430 ± 600 and 
25,460 ± 810 years BP. This means that there were humic acids in fraction A, giving a 
younger date. The minimum age for the sample is thus taken as the older age of 25,460 ± 
810 years BP. The bed the dates are from also hosts abundant fossil remains, some being 
articulated specimens (e.g. specimen 089092201, a series of five caudal vertebrae of 
Sthenurus sp. indet.) suggesting reworking of fossils has not occurred since initial burial 
of the animal. These dates are considered to have good association with the fossils from 
that bed. 
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The third date, SUA-2088, was collected in 1982 by G. Taylor and P. Walker (see Ride et 
al., 1989; Appendix C2, sketch V58) from the Elderberry Creek-Pilot Creek junction at 
the base of the high terrace, interpreted to be a continuation of the Pilot Creek Formation. 
It is outside the area containing the four defined subunits (i.e. it is in QPC). The site is 
some 350 m downstream from the other two dates and yet is of similar age, suggesting 
the base of the Pilot Creek Formation is of an age around 25 ka . . 
Elderberry Site 
A fourth date, ANU-8097, is problematic. It was collected on the east bank of Pilot Creek 
opposite SUA-2088 from near the base of the gully wall in a section of red sediments 
interpreted to be part of the Pilot Creek Formation. The date comes from the fossil 
collecting site, 'Elderberry Site'. From the relative stratigraphy the age of the section is 
clearly older than the Willow Bank Formation (see Figure 4.12). A date from the base of 
the overlying Willow Bank Formation palaeochannel some 8 m to the north is 4,290 ± 70 
years BP (ANU-8440, Table 4.3). The radiocarbon date from the 'Elderberry Site' is 
8,950 ± 410 years BP which is consistent with the overlying stratigraphy. However, the 
date is not consistent with the other three dates from the Pilot Creek Formation. There 
are at least four possible explanations: (1) the date is correct and the section is not part of 
the much older Pilot Creek Formation, (2) the date is correct and the Pilot Creek 
Formation extends in age through into t he Holocene, (3) the date is correct but the 
sediments and contained fossils and pollen are reworked, or ( 4) the date is wrong due to 
some form of contamination. 
At 'Elderberry Site' from the lithology, colour, facies sequence, and degree of weathering · 
of particles the section is indistinguishable from sediments of the Pilot Creek Formation. 
Furthermore the fauna from the site, Pilot Creek Fauna C (see Chapter 7 for details) 
comprises the typically Pleistocene species, Macropus titan, which is unknown from 
Holocene deposits. In addition, a pollen sample from the site is similar in composition to 
the older flora from the Pilot Creek Formation (Table D2 in Appendix D) showing an 
' . . 
abundance of daisy and grass pollens, and no trees. It thus seems most probable that the 
site is part of the Pilot Creek Formation. 
If the date were correct and the site part of the Pilot Creek Formation this would mean 
the unit represents 15, 000 years of sediment accumulation. It is considered unlikely that 
the Formation has been accumulating from pre-last glacial around 25 ka continuously 
through unit 9 ka. Nowhere else in the region is there a single unit within a sequence 
spanning at least 11,000 years through a major climatic event such as the last glacial 
phase, with no indication of a time break in the unit. It is possible that the body of 
sediment in question represents a reworked deposit. However, the fossil bones from the 
site include a mandibular ramus and longbones which appear to be associated and thus 
unlikely to have been transported any considerable distance. 
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Laboratory Location Unit Stratigraphic Position Mater la I C14 age 1; sample no. and Event Dated years BP 
~ 
-("') 
ANU-8101 V49 on W bank Haystack Creek (Fig. 4.7). recent Charcoal in bed through recent terrace charcoal modern ~ 
"' comprising re-worked Pilot Creek Fm sediments. ~ 1:-'l 
ANU-8099 C1 O on flat N of Thylacine datum. OWB 90 cm from top of core in grey sandy clay, wood modern ~ 
wood inferred to be from nearby dead tree root. ::?. 
ANU-8102 . V56 on W bank Haystack Creek (~ig. 4. 7). QWB2 1 m from surface in 3 m section of grey silty sand. charcoal 2,240± 90 00 i ANU-8098 Near V50 on S bank Thylacine Creek (Fig. 4.9). OWB1 Near base of U-shaped grey palaeochannel. charcoal 3,210 ±250 
ANU-8440 V67 on E bank Pilot Creek (Fig. 4.12). QWB1 3.5 m from surface at base of grey channel. charcoal 4,290± 70 
SUA-2087 E bank Pilot Creek (see Fig. 4.11 ). QWB1 Near base of low terrace. charcoal 6,380±230 
BETA-18300 Poplars Locality, W bank Pilot Creek (Fig. 4.13). QF2 2.7 m depth in light brown loam unit. charcoal 4,600±120 
ANU-6586 Poplars Locality, W bank Pilot Creek (Fig. 4.13). QF2 2.6-2.8 m depth, 2 m S of BETA18300. charcoal 4,740 ± 210 
~I ANU-6587 Poplars Locality, W bank Pilot Creek (Fig. 4.13). QF2 2.4-2.6 m depth above BET A 18300. charcoal 4,530±220 
.P.. BET A-32682 At T-Site, S bank Thylacine Creek (Fig. 4.9). OF1 Small charcoal bed at base of datum post in bone bed. charcoal 11,660±115* 
ANU-8097 V7 4, Elderberry Site, E bank Pilot Creek (Fig. 4.12). ?OPC . 4.0 m from surface, 8.5 m S of ANU8440, in thick charcoal 8,950±410 
blocky charcoal-rich bed. 
ANU-8372 V64, Lamby Site, W bank Pilot Creek (Fig. 4.10). QPC1 Same charcoal layer as ANU8096, -20 m N of datum. charcoal 25,460 ± 810 
BETA-18297 Opposite Deep Pool, E bank Pilot Creek (Fig. 4.11 ). QPC1 Same charcoal layer as above in sequence on soil 25,180 ± 330 
opposite bank. 
SUA-2088 V58, S bank Elderberry Creek (Fig. 4.12). QPC 6 m depth in dark soil bed at base of thick red soil 25,100 ± 800 
high terrace. 
• AMS counting, (all other samples used conventional counting methods) 
Table 4.3. Radiocarbon dates from the Quaternary valley-fill sequence at Pilot Creek, near Cooma. 
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The sample ANU-8097 was a large sample of blocky charcoal particles which still showed 
some original plant structure so counting errors due to a small sample is unlikely. The 
host bed showed some clay shrinkage and cracking. The position of the sample was 1 
metre above the water level of the present creek. This water level fluctuates considerably 
and during flood events would easily rise above the sample site, and thus quite possibly 
introduce contamination, making the age younger. However, hot hydrochloric acid and 
sodium hydroxide washes during labroratory pretreatments should have removed any such 
contaminants. 
Lithocorrelu>tions 
From lithocorrelations between the Pilot Creek Formation and similar units (some dated) 
in the region the Formation is probably related to the period of massive hillslope erosion 
and valley-fill leading up to the last glacial maximum at 18 ka (Chapter 2.5). Similar thick 
sedimentary units occur in the region, comprising high terraces in the landscape with thick 
beds of red-coloured coarse materials and mature strongly differentiated soil profiles on 
their surfaces occur throughout the region. Examples are at the new undated fossil sites at 
Tannery Creek and Bulong where the sequences are deeply incised by the creeks exposing 
thick red-coloured sediments (described in Chapter 6). The Bangalay unit at Wangrah 
Creek (Prosser, 1988), the Doongalla and Grove units at Grove Creek (Coventry -and 
Walker, 1977) and Spring Creek and Tara units at Gooroman Ponds·(Walker and Green, 
1976) are inferred to have accumulated in the period leading up to the last glacial 
maximum, with dates being from 20 - 30 ka. However, correlations with undated units are 
tentative as some of these units may be considerably older beyond the limits of 
radiocarbon dating and coinciding with previous pre-glacial phases (see Chapter 6). 
4.10.2. Age of Willow Bank Formation 
The Willow Bank Formation is considered to be Holocene, with four radiocarbon dates 
ranging from 6,380 ± 230 to 2,240 ± 90 years BP (Table 4.3). Three of the dates are from 
' blocky charcoal samples located at the base of the U-shaped palaeochannels (QWBl) and 
thus indicate the age of commencement of infilling. These dates are 3, 210 ± 250 years 
BP, 4,290 ± 70 years BP and 6, 380 ± 230 years BP, inferring different parts of the 
channel have infilled at different times. The youngest date from the unit is 2,240 ± 90 
years BP from 1 m below the surface in the QWB2 subunit in Haystack Creek. A fifth 
date (ANU-8099, Table 4.3) was collected 90 cm from the top of a core, but it is believed 
the sample is from an intrusive tree root, hence there is poor association between this date 
and the unit. 
Similar alluvial units are found throughout the region including those at Wangrah Creek 
(Prosser, 1988, 1991), Grove Creek (Coventry, 1976; Coventry and Walker, 1977), and 
Gooromon Ponds (Walker and Green, 1976) (and see Table 2.2 in Chapter 2.3). They are 
often inset into a high terrace, have poorly developed soils on their surfaces including 
minimal prairie soils, are typically dark coloured, mildly to richly organic, bioturbated, are 
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fairly thick, and are uniformly textured with sandy clay loams or sandy clays. Many of 
these units are dated with the vast majority occurring within the Holocene (see Chapter 
6). 
4.10.3. Age of Alluvial fans 
The two fossiliferous alluvial fans in the valley sequence (QFl and . QF2) both overlie 
sediments of the Pilot Creek Formation. QFl is truncated by the palaeochannel unit 
infilled with the Willow Bank Formation, thus bracketing the age of QFl as between 25 
ka and 6 ka. A radiocarbon date of 11,660 ± 115 years BP was obtained from a small 
charcoal deposit in the bone bed at 'T-Site' 1 m from the present land surface. The sample 
was very small, hence counting by Accelerator Mass Spectrometry. The date is consistent 
with the relative stratigraphic sequence. 
Much of the QF 1 unit comprises a matrix supported poorly sorted colluvial facies which 
could correlate to the period of hillslope i,nstability and increased sediment supply at the 
time of accumulation of the Pilot Creek Formation. Thus, the major part of the QF 1 unit 
and upper beds of the Pilot Creek Formation may be contemporary, with fan material 
from the eastern hillslope coalescing with fluvial sediments of the Pilot Creek Formation 
coming down the valley from upstream. Further dating is required to· test these scenarios. 
The QF2 unit at the 'Poplars Site' is well dated with three radiocarbon dates from the bone 
rich level at 2.4 - 2.7 m depth (see Figure 4.13). They are 4,530 ± 220, 4,600 ± 120 and 
4,740 ± 210 years BP (Table 4.3). These dates mean the QF2 unit accumulated at the -
same time as part of the slow infilling of the Willow Bank Formation. 
Throughout the Monaro region most valley margins have alluvial fans. Fan sedimentation 
has probably been intermittent throughout the Quaternary, beyond the range of 
radiocarbon dating (Prosser, 1988). However, there are several fans in the region which 
are dated including Pleisto2en~ fans at Willow Glen at 27 ka (RiCie et al., 1989), and at 
Lake George at 21-27 ka (Coventry and Walker, 1977), and in the Holocene at Lanyon 
and Wangrah Creek (see Prosser, 1991, fig. 5). Correlations are therefore difficult across 
the Monaro until many more fan units are dated utilising methods extending beyond the 
limits of radiocarbon dating. 
4.10.4. Summary of Ages of Fossil Sites 
The chronological sequence of fossil sites mentioned in this chapter are shown in Table 
4.4. The stratigraphic associations between the various fossil sites and the units and dates 
are discussed in detail in Chapter 7. 
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STRATIGRAPHIC RADIOCARBON 
UNIT DATE (years BP) 
PESA modern 
QWB2 2,240 ± 90 
QWB1 3,210 ±250; 4,290 ± 70 
6,380 ± 230 
QF2 4,600 ± 120; 4,740 ± 210 
4,530 ± 220 
QF1 11,660±115 
?QPC 8,950 ± 410 
QPC1 25, 460 ± 810; 25,180 ± 330 
QPC (in Elderberry Ck) 25, 100 ± 800 
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FOSSIL SITE 
Mudslide; Acacia; South Wall 
Poplars 
T-Site 
Elderberry · 
Alex's Wall; Deep Pool; Lamby; 
Briar Bush; Blue Tooth; Double 
Dutch; Edwins Comer 
QPC Overhanging Post; Waterfall; 
Dip. Peg; Lucky Red Robin; 
Plastic Bag; Lemon; Red Bluff; 
Rat Hole 
Table 4.4. Summary of stratigraphic units, radiocarbon dates and fossil sites in the 
Pilot Creek valley. 
4.11. CONCLUSIONS 
The Quaternary valley-fill sequence in the Pilot Creek valley comprises six stratigraphic 
units in a sequence of some 9-10 min thickness. The sequence overlies bedrock of 
Ordovician metasediments, Silurian granites and Eocene-Oligocene basalts. The 
Quaternary units include two large units referred to as the Pilot Creek Formation and 
Willow Bank Formation with soils developed along their upper contacts. There are 
alluvial fan units around the valley margins including two fossiliferous fans, QFl and 
QF2. The small surficial deposit, 'PESA', represents recent overbank deposits. 
Undifferentiated sediment (Qu) including slope mantles and ongoing weathering profiles 
around the valley margins are also recognised. The stratigraphic relationships of these 
units has been described and a relative chronology of units postulated (see Figure 4.17). 
The Pilot Creek Formation is considered to be of Late Pleistocene age with the base of the 
Formation dated at 25 ka. From facies and pollen analyses the Formation represents an 
active sedimentary phase with large sediment supply into the valley and constant 
migration of the main creek across the valley. In the central part of the valley at the base 
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of the unit are swamp and flood plain facies hosting the majority of fossils. These facies 
represent swampy grasslands and a permanent large slow-flowing meandering stream 
during the QPCl phase of deposition. This was replaced by a massive increase in 
sediment supply to the valley floor, producing thick poorly-sorted gravel and sand beds. 
Hillslope vegetation cover is inferred to have been dramatically decreased. Alluvial fans 
around the valley margins were probably active during this period, including parts of the 
QFl unit. 
A period of surface stability and soil development then followed, probably coinciding 
with climatic amelioration post- last glacial and associated return of vegetation. 
The next phase in the geological and environmental history of the valley was reworking 
and incision of the Pilot Creek Formation by palaeochannels. A large meandering channel 
was incised along a course essentially following the present creek course with meanders 
to the east in places. It also truncated the large alluvial fan unit, QFl. This palaeochannel 
was then infilled producing a low terrace in the landscape, creating the Willow Bank 
Formation. The period of infill has occurred throughout the Holocene, with a slow and 
steady influx of fine sediments accumulating in 'swampy meadows' (Prosser, 1988) with 
well-vegetated conditions around the water course. A phase of alluvial fan activation has 
occurred at least once during the mid-Holocene, producing the QF2 alluvial fan unit. 
Recent incision has produced the deep gullies seen in the valley today. Shallow overbank 
deposits on low-lying areas (PESA) have accumulated, as have temporary benches along 
the banks of the creek at the base of the gullies. 
Radiocarbon dates have been obtained from the base of the Pilot Creek Formation, from 
the top of the QFl alluvial/colluvial fan, from the base and middle of the QF2 fan, and at 
the base and near the top of the Willow Bank Formation. Most dates support the relative 
chronology. Three dates from the base of the Pilot Creek Formation cluster around 25 ka. 
The date from the QFl unit is 11 ka while the second dated fan unit, QF2 has three dates 
clustering around 4.5 ka. The deposition phase of the Willow Bank Formation extends 
from 6.3 ka through to at least 2.2 ka. One problematic date of 8.9 ka was obtained from 
the 'Elderberry Site' in what is considered to be a section in the Late Pleistocene Pilot 
Creek Formation. 
In Chapter 6 the Quaternary sedimentary sequence seen in the Pilot Creek valley is 
discussed in a regional context along with the sequence from Bunyan Siding (described 
in Chapter 5), and information on the other minor fossil localities from the northern 
Monaro region. 
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CHAPTER 5: STRATIGRAPHY OF BUNYAN SIDING 
5.1 INTRODUCTION 
The Bunyan Siding fossil locality is the second major Quaternary site in the northern 
Monaro region, after Pilot Creek, and contains a large and diverse faunal assemblage of 
Middle Pleistocene age. A detailed stratigraphic study including rigorous dating has been 
necessary to establish the mechanisms of deposition and the environments influencing the 
faunas at the time represented by the Bunyan Siding deposit, and to establish a reliable 
position for the site in the chronology of fauna! events in the region. It is concluded that 
the Bunyan Siding fauna is the oldest known Quaternary fauna in the region. 
A preliminary description of the Bunyan Siding locality, covering the age, stratigraphy 
and fauna, was published by Ride et al. (1989). In that study, two major stratigraphic 
units were described: 'Cooma Creek Grey' (CCG) unit and the overlying 'Cooma Creek 
Red' (CCR) unit. At that time, one radiocarbon date on soil organics (21,890 ± 440 years 
BP) and a modest fauna! assemblage from the CCG unit were available, indicating a Late 
Pleistocene age for the site. Correlations were proposed between the Bunyan Siding 
fauna and the oldest local faunas in the Pilot Creek sequence, also considered to be of a 
Late Pleistocene age. 
In this study, new dating of the site utilising palaeomagnetics, optically stimulated 
luminescence (OSL), and radiocarbon dating, together with a larger fauna! assemblage, 
leads to a Middle Pleistocene age being assigned to the two Quaternary units. The two 
mappable units of Ride et al. (1989), named here the 'Jilliby Formation' and 'Nestle Brae 
Formation', are recognised. 
5.2. SITE GEOMORPHOLOGY 
Bunyan Siding is a westerly facing exposure in a road cutting at an elevation of 730-7 40 
m (Figure 5.1 and Figure 5.2). The site extends laterally for approximately 150 m and is 
up to 4 m thick. It presents as an abandoned alluvial terrace on the eastern side of the 
Bunyan valley, set into a low hill approximately 8 m above and 250 m to the east of the 
present Cooma Creek (Figure 5.1). Cooma Creek flows through the valley following a 
northeasterly course joining Rock Flat Creek, a tributary of the Numeralla River and 
ultimately the Murrumbidgee River. Between the terrace deposit and the present Cooma 
Creek is a low-lying flood plain of well drained Prairie Soils and Alluvial Soils (Tulau, 
1994). 
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The Bunyan valley is the southwestern branch of a larger sedimentary basin, the Lake 
Bunyan Basin, which extends northward from Bunyan to the Murrumbidgee/Bredbo 
River interfluve (see Taylor and Walker, 1986a). The basin contains lake sediments of the 
Bunyan Fonnation (Taylor and Walker, 1986ab) which are Early Miocene in age (Tulip et 
al., 1982). At Bunyan Siding lake clay facies of the Bunyan Formation are exposed on 
the surf ace of the hill to the east of the road cutting and beneath the Quaternary sequence 
(Figure 5.1). A polymictic gravel of uncertain age, comprising clasts of basalt, felsic 
volcanic rocks, quartzite and granite crops out on the top of the hill (Figure 5.1). 
5.3. FIELD METHODS 
5.3.1. Mapping 
A datum has been marked as 'O' in the centre of the road cutting exposure, and is 
indicated by a large fence post at the lowest point in the section (Figures 5.3 and 5.4). 
Fence posts running north and south from the datum are numbered lN, 2N, 3N etc and 
lS, 2S, 3S, etc, respectively. The distance between posts is 240-280 cm. Specific 
locations (e.g. fossils, pollen and dating sample collecting sites) are cited in relation to the 
nearest numbered fence post north or south of the datum, together with detailed sketches 
of their position in relation to the contacts of the hosting sedimentary unit 
During the period of concentrated fieldwork a backhoe and mechanical shovel were used 
to remove· the scree from the front of the exposure and to excavate several trenches in 
preparation for mapping (Trenches 1.0S, 4.3S, 7.5S, 11.7S; Figure 5.3) and for detailed 
palaeontological pit excavations (see below). 
Detailed sedimentary profiles are described along the face of the exposure at the following 
locations: 0.0-0.5S, 4.3-4.7S, 8.0-9.0S, and 11.0-12.0S (Figure 5.4). The heights of 
the sections relative to the base of the datum were measured using a water-filled plastic 
tube as a manometer to establish horizontal reference level and 30 m and 50 m tapes. 
5.3.2. Dating Methods 
Several dating techniques including radiocarbon, optically stimulated luminescence, 
palaeomagnetics and lithostratigraphic correlations have been utilised at Bunyan Siding to 
establish relative and absolute ages for the units in the sequence. Samples for radiocarbon 
dating were collected in plastic vials and submitted for processing to the Quaternary 
Dating Centre at the Australian National University (conventional dates). Samples for 
OSL dating were collected and processed by R. Roberts (Research School Pacific and 
Asian Studies, A.N.U.). Palaeomagnetic samples were collected and processed by B. 
Pillans (Research School Pacific and Asian Studies, A.N.U.). Results are presented and 
discussed in Section 5.11. 
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5.3.3. Fossil Collecting 
All excavation work was concentrating on the southern end of the roadcutting exposure 
between the datum (0.0) and 13S (Figure 5.3). Field work began in November, 1990 
with three excavations over a period of four months followed by a further two 
excavations in 1992. 
'-
At the site wet and dry sieving and sluicing methods were trialed (Figures 5.5a-d). Wet 
sieving was found to be the most time efficient with the least bone damage and maximum 
bone recovery rate. The matrix has a high sand and clay content and when dry is hard, 
but when wet quickly passes through the mesh leaving any bone or pebbles greater than 
the mesh diameter (2 mm). The bone is dark brown or black when wet and is easily 
visible in the sieves in the pale yellow matrix but when dry is often difficult to see. 
Sluicing using sheets of corrugated iron, sieves and fire hoses directed onto the face of 
the site was trialed (Figure 5.5b) and abandoned because it was found that specimens 
recovered could not be assigned with sufficient precision to their stratigraphic positions. 
Damage to bone was also considerable as material entered the sieves faster than it could 
be processed, and material did not come away from the face easily. 
Scree Slope Excavation and Processing 
The first excavation removed a section of the accumulated scree slope between 0.0 and 
1.5S (Trench lS) and between 7.0-12.5S using a backhoe, retaining the material in 
separate piles. The scree from O.OS-2.0S was bagged (70 bags), transported to a 
processing site on the Numeralla River at Chakola, soaked to loosen the clay matrix, wet 
sieved (Figure 5.5a) in mesh bags (2 mm diameter), spread on round sieves, and hand 
picked. Residues after picking were dried, bagged, transported to Canberra, and later re-
picked. Only two small indeterminate bone fragments were recovered from the second 
picking, thus, establishing that the technique of recovery at the river processing site was 
efficient in recovering bone. The scree material from 7.0-12.5S (referred to as 'South 
Scree') was also transported to Chakola and wet sieved. Very little bone was recovered 
from this sample. 
Surface Plots 
A section of the Nestle Brae Formation (from 9.0S-12.0S) was removed using the 
backhoe, to expose the contact with the underlying fossiliferous Jilliby Formation. 
Surface plots 1x2 m were marked out (Plots 9.5S-11.0S) and each plot initially worked 
on with small tools (brushes, trowels etc) by hand (Figure 5.5c). Work was hampered 
and bone material fragmented by the extreme hardness of the calcrete cementation in the 
upper 0.5 m of the unit and dry clay matrix. It became apparent that water was the most 
effective way to loosen the matrix, thus the matrix from individual plots was bagged and 
wet sieved at Chakola in the river. 
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Trench 11-12.S 
The first main excavation at the site removed a section of the Jilliby Formation from 
l l.7S to 12.5S to a depth of 2 m corresponding to the basal gravel facies. The bone from 
this trench was termed 'grey bulk' and represented a large sample from the Jilliby 
Formation. Information regarding the exact bed from which bone was found in the grey 
bulk sample was sacrificed. The material was transported to the Chakola processing site 
and stock-piled in two lots. The material was processed first by wet sieving in mesh bags 
of 2 mm gauze strung across the river (Figure 5.5a). The residue was picked at the river 
side on large screens. A quicker method of wet sieving was used toward the end of the 
processing using a 250 gallon water fire tanker and three hoses washing through five 
round 2 mm sieves on benches at the matrix stock-piles. Processing of the 'grey bulk' 
sample continued over a period of four months by myself and teams of volunteers 
ranging from 3 to 6 at any one time. 
Trenches O.SS, 8.SS and llS 
At the site three trenches at 0.5S, 8.5S and 1 lS, of widths 500 cm x 500 cm and depths 
190 cm, 200 cm 150 cm respectively were made through both Quaternary units. The 
trench at 0.5S was excavated in 20 cm intervals, bagged and sieved at Yalcowinna 
homestead. The trenches at 8.5S and 1 lS were excavated and processed bed by bed, 
using wet sieving at the site. Graded mesh sizes of 8 mm, 4 mm and 2 mm were used in 
sieve stacks on benches (Figure 5.5d). The residue was picked on site. The advantages of 
this method over previous methods of recovery were: that at any time the excavation 
could be stalled while an in situ bone was carefully recovered; stratigraphic associations 
were maintained; and bone damage was minimised as there was no manual transportation 
of samples. 
General Collecting 
Regular visits to Bunyan Siding have been made since the excavations. Any fossils 
exposed on the weathered face of the roadcutting have been recovered and added to the 
main collection. 
5.4. STRATIGRAPHIC CLASSIFICATION 
Two formations are recognised at the Bunyan Siding locality: the Jilliby Formation and 
the Nestle Brae Formation. The informal stratigraphic names introduced by Ride et al. 
(1989), the 'Cooma Creek Grey' and 'Cooma Creek Red' units, for the two major phases 
of deposition have been replaced (Table 5.1) by the 'Jilliby Formation' and 'Nestle Brae 
Formation' to avoid ambiguity arising from colour and to emphasise that the units are not 
defined solely by colour. The geographic place names, 'Jilliby' and 'Nestle Brae' appear 
on the Cooma 8725-N-S 1 :25000 topographic sheet. 
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figure 5.2. Bunyan Siding - near Cooma, prior to excavations in 1990. The southern end of the roadcutting exposure is shown, between 7S 
and 158 (see Figure 5.3 for reference grid). The red unit ('Nestle Brae Formation') overlies the grey unit ('Jilliby Formation'), separated by an 
irregular contact. Calcrete hardpans are vis ible (far left and far right) near the contact. The red-brown earth soil developed on the 'Nestle Brae 
Formation' is clearly visible. 
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Nestle Brae Formation 
Jilliby Formation 
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Ride et al. (1989) 
Cooma Creek Red (CCR) 
Cooma Creek Grey (CCG) 
Table 5.1. Alternative names used for Bunyan Siding stratigraphic units. 
The formations are defined as mappable units comprising combinations of facies 
sequences and associated post-depositional alteration features (soils, burrows, calcretes). 
The Jilliby Formation is represented by the first major phase of deposition (first facies 
sequence) and subsequent alteration. The Nestle Brae Formation is represented by the 
second major phase of deposition (second facies sequence) and alteration. A third minor 
phase of deposition is represented by a small slope wash deposit overlying the Nestle 
Brae Formation. This unit is not referred to as a formation because it is not a mappable 
unit over a reasonably large area. 
5.5. F ACIES DESCRIPTIONS 
Eleven sedimentary facies are identified in the Bunyan Siding sedimentary sequence. The 
characteristics of each facies are provided in Table 5.2, some facies (Sp and Fl) being 
similar to those at Pilot Creek (defined in Chapter 4, Table 4.1). 
5.6. FACIES SEQUENCE DESCRIPTIONS 
The eleven facies occur in two main facies sequences: the first comprises facies G, Sc, 
Sm, Sb, St, Fig and Fm; the second comprises facies Gf, Sp, and Fir; while facies Fh 
occurs on its own. Stratigraphic logs from five of the trenches along the road cutting 
exposure illustrate the facies sequences (Figures 5.6, 5.7, 5.8, and 5.9a). 
5.6.1. First Facies Sequence 
The first facies sequence is a fining upward sequence up to 3 m thick. The sequence is 
most complete at section 11.0-12.0S (Figure 5.8, Figure 5.9a). The sequence continues 
laterally along the full length of the road cutting exposure, with variations as facies lens 
out. There are sharp contacts between all facies in the first sequence. 
237 
~ 
00 
Facles Code 
Fh 
Fig* 
Fir"' 
Fm* 
St* 
Sp 
Sb 
Sm 
Sc 
Gt 
G** 
Facles Characteristics 
Homogeneous loam, dark red-brown (5YR 3/3), up to 30 cm thick, pourous texture 
Clay beds, 2-1 o cm thick, fine parallel lamination, minor evidence of bioturbation. Colour greyish brown 
(10YR 612) to dark greyish brown (10YR 412). Some charcoal. 
Laminated silts, red (5YR 4/6), in beds 2-10 cm thick. 
Medium-fine clay, up to 35 cm thick. 
High angle trough cross-beds co111>rising basal well rounded pebble bands fining upward to sands 
Sandy clay loam matrix, showing subtle fining upwards, with frequent scattered rounded poorly sorted 
pebbles. Some cross bedding in matrix. 
Upward fining mottled sands, silts and clays, intense bioturbation. Beds up to 30 cm thick. 
Well sorted medium to fine sands in parallel beds with thickness between 2-7 cm with sharp scoured 
contacts. Some low angle planar cross-bedding. Sands yellowish brown (10YR 5/4) to brownish 
yellow (10YR 616). 
Very coarse sand to coarse sand, well sorted, fining upward. Up to 20 cm thick. Planar cross-bedding, 
low angle forsets. Generally in long horizontal lens. 
Poor1y sorted, sub angular pebbles up to 5 cm in diameter in small lenticular beds. 
Compacted, clast supported gravel, up to 11 O cm in thickness, subrounded, poorly-sorted 
clasts up to 20 cm, with sandy clay matrix. Gravels polymictic. 
Crude horizontal bedding throughout, local evidence of imbrication. 
Interpretation 
soil 
suspended fines, 
overbank, waning 
flood event. 
suspended fines, 
backswamp 
suspended fines 
overbank 
channel dunes 
flood event, bedload, 
?colluvium 
swa111> I stream edge 
channel bars 
channel dunes 
minor channel fill 
main channel lag, 
longitudial bar 
Table 5. 2. Facies classification scheme for Bunyan Siding(* modified from Miall, 1978; **modified from Brierley, 1991). 
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At the base of the sequence is a compacted, well sorted, clast supported gravel, facies G, 
over 1 m thick and at least 7 m wide in a E-W direction. The bed can be traced the full 
length of the road cutting exposure. The gravel bed unconformably overlies the Miocene 
lake clays of the Bunyan Formation separated by a well defined scoured contact. The 
upper surface of the gravel bed dips gently to the south, while clast imbrication is to the 
north. In places (eg. at 9.0S and 11.5S) the gravel bed is interspersed with discontinuous 
lenses of coarse sands of facies Sc. 
Well sorted coarse sands in beds up to 20 cm thick (facies Sc) overlie the gravel facies at 
the southern end of the exposure. The sands have low angle planer cross-bedding with 
foresets generally dipping at 300 to the NNW. Narrow bands of red and black 
discolouration occur near the base of the sand beds. 
Facies Sc is overlain by 25-35 cm of interbedded sands (facies Sm) and clays (facies 
Fig), in at least 6 beds, representing 3-5 small fining upward cycles. Some beds lens out 
while others merge (see Figure 5.8). Clays of facies Fig in places have fine charcoal 
particles preserved within. 
Facies Sb is a thick bed, up to 40 cm, of fining upward mottled sands, silts and clays 
with evidence of bioturbation throughout. It overlies the sand/clay facies. Preserved 
within the bed are burrow forms as well as flame structures. The uppermost clays are 
dark in colour and suggest a high organic content. 
The sequence continues upward with more interbedded sands and clays of facies Sm and 
Fig, and is topped with a thick clay, facies Fm. The uppermost 20 cm of clay is blocky 
and cracked, and in places indurated with calcrete veins and nodules penetrating from the 
overlying calcrete profile. 
At the northern end of the road cutting exposure, the first facies sequence is incomplete. 
In places (e.g. 16-18N) it is truncated by overlying high angle trough cross beds (facies 
St) comprising well rounded pebble bands at the base of each trough of fining upward 
red/yellow sands. 
In summary, the first facies sequence is, from oldest to youngest, G-Sc-Sm-Flg-(Sm-Flg 
repeated)-Sb-(Sm-Flg repeated)-Fm. Variations in the first facies sequence include the 
absence of the bioturbated mottled sand (Sb), the presence of coarse sands interbedded 
with gravels (G-Sc-G-St), or evidence of truncation within the sequence. 
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5.6.2. Second Facies Sequence 
The second facies sequence extends the length of the road cutting exposure, but is 
considerably thinner than the first sequence, ranging in thickness from 1.5 m at the 
southern end to 40 cm at the nonhern end. It occurs above the first facies sequence, 
separated by an irregular sharp contact (Figures 5.2 and 5.4). The top 40 cm of the 
second sequence contains a well-developed pedogenised zone (Red-brown Earth) which 
has masked many sedimentary structures within the unit. The sequence comprises facies 
Gf, Sp, and Flr (Table 5.1) with considerable lateral variation. At the base of the 
sequence along the exposure are examples of all three facies types in contact with the top 
of the underlying first sequence. 
Poorly soned gravel lenses (facies Gt) occur at the base of the second sequence such as 
between 0.3S and l.5S (Figure 5.6a, Figure 5.7) and at 5.0N. They are overlain by 
sandy clay loams with scattered rock clasts (facies Sp), which are capped by a mature 
pedogenised zone. Facies Gf also occurs higher up in the sequence, as pebble or gravel 
lenses interbedded between coarse-fine sand beds. 
From 4.0S to 6.0S (Figure 5.6b and Figure 5.7) the sequence comprises facies of sandy 
clay loams with scattered rock clasts (facies Sp), capped by a pedogenised zone. The 
lower contact of Sp is irregular and diffuse. 
Between 10.0S and 12.0S much of the second sequence has been removed for surface 
trenches during excavations (Figures 5.3 and Figure 5.4). However, from the remaining 
exposures the second sequence comprises finely laminated silt beds (facies Flr), overlain 
by sandy clay loams with scattered rock clasts (facies Sp) and some coarse sand beds, 
capped by a pedogenised zone. Calcrete nodules are abundant throughout the Sp facies 
(Figure 5.9b). 
In summary, the second facies sequence consists predominantly of facies Sp, with Gf and 
Fir facies. The sequence is capped by a well-developed pedogenised zone. 
5.6.3. Additional Facies 
A small unit of homogeneous red/brown loam (facies Fh) occurs on the top surface of the 
road cutting exposure where there are low areas, such as between the datum (0.0) and 
l.5N. The bed is up to 30 cm thick and is penetrated extensively by plant roots and 
shows little pedological development. 
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5.7. DESCRIPTIONS OF SOILS, BURROWS AND 
HYDROMORPHIC FEATURES 
There are two soil profiles and a calcrete profile developed in the transported parent 
materials of the Bunyan Siding sedimentary sequence. The soils not only indicate where 
there is a hiatus in the depositional history of the site, but also give some indication of the 
time involved between deposition of units, as indicated by the degree of pedogenesis (i.e. 
mature soils such as podsolic take longer to form than immature soils such as alluvial 
soils). Fossil and modem burrows, together with post-depositional hydromorphic 
features, including mineral staining and calcrete profiles, are also present in the Bunyan 
Siding sequence and are described below. 
5.7.1. Soil Profiles 
Alluvial Soil Profile (Um) 
On the top surface of the section in the low-lying area between 0.0 and 1.5N is a thin (< 
30 cm) accumulation of dark reddish brown (5YR 3/3) homogeneous crumbly loam, with 
a porous texture and evidence of root penetration. Gravel clasts (5 - 15 cm) similar in 
composition to the gravels on the hillslope to the east of the Quaternary deposit (Figure 
5.1) are mixed into the loam matrix. The soil profile shows little pedogenic development. 
Red-brown Earth Profile (Dr 2) 
Developed in the upper 40 cm of the Quaternary sequence for the length of the section 
(and under the Alluvial Soil unit where it is present) is a well developed mature red-
brown earth soil profile (see Figure 5.2). It has a reddish brown (5YR 4/4) A horizon of 
10 to 15 cm of sandy clay loam. The B horizon is a yellowish red (5YR 4/6), coarse, 
blocky-structured, sandy clay horizon 15 to 25 cm thick. 
5. 7 .2. Burrows 
A large fossil burrow occurs in the section from 8.0S to 9.5S (Figure 5.4, Figure 5.9c). 
The main burrow is approximately 75 cm in diameter, U-shaped, and continues across to 
the northern face of the vertical section over a distance of some 5 m. It has a lower branch 
which is exposed at 3 m below the surface and 10-20 cm from the main burrow. The 
burrow penetrates the lower unit, Jilliby Formation, and is infilled with red sandy clay 
sediments of the overlying Nestle Brae Formation. An incomplete articulated fossil 
specimen of Vombatus ursinus (091022314) was recovered from the fossil burrow. 
There are no calcrete features within the infill or on the in situ bone. 
Recent open burrows occur along the face of the section, at intervals 8.5N and 9.0S. 
They are in the Jilliby Formation and are currently occupied by fox, rabbit and mice, 
remains of which (including bones, fur and scats) have been observed. 
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5. 7 .3. Hydromorphic Features 
Calcrete Profile 
Within the sedimentary sequence is a calcrete profile, which in places is over 2 m thick. 
The calcretes occur throughout the road cutting exposure, being particularly evident at the 
northern end between 4.0N and 9.0N and at the southern end between 4.0S and 19.0S. 
Calcrete nodules also occur on the hill surface to the east of the section scattered over 
Tertiary deposits of lake clays and gravels. 
At the northern end of the road cutting exposure the calcrete profile is developed within 
the topographically higher area of the longitudinal section, between 4.0N and 9.0N, with 
no evidence of calcretes north of 9.0N. Between 4.0N and 9.0N the calcrete profile 
comprises a massive calcrete pan with up to 1 m of underlying laminar calcrete in multiple 
horizontal layers approximately 15 -20 cm apart and joined by diagonal nodular veins. 
At the southern end of the exposure the calcrete profile is very variable. From 4.0S to 
7 .OS it comprises scattered nodules in the upper metre of the section within the Nestle 
Brae Formation. Between 7 .OS and 8.5S the top of the calcrete profile is in a thick (50 
cm) massive hard calcrete pan. The hardpan has rounded pebble clasts incorporated into 
the calcareous matrix. It rests on the underlying heavy clay facies separated by a sharp 
contact and has truncated sides (Figure 5.2 and 5.6c). Below the hardpan the calcrete 
penetrates the underlying clay facies in a mottled zone of calcrete veins to a depth of 80 
cm. Where fossil bone is in contact with the calcrete profile a crusty nodular coating 
forms around the bone (e.g. specimen 092052401). From 8.5S southward the upper part 
of the profile comprises a nodular calcrete zone in the upper 1 metre (Figure 5.9b). The 
nodules have some diagonal and horizontal linear organisation (e.g. at 9.0S 27 cm from 
the surface). Below the nodular zone are either non-calcareous facies or a mottled calcrete 
zone of veins and small tabular calcretes. 
Mineral Staining 
The sandy beds near the base of the sedimentary sequence contain, in places, irregular 
horizontal banding up to 10 cm thick of black and red/orange minerals. The coloured 
banding is attributed to post-depositional hydromorphic processes. In places clasts in the 
basal gravel facies are coated with black manganese staining. Bones within the mineral 
zone are stained black (e.g. 091011933; see Chapter 7). Elsewhere in the same basal 
gravel facies the lower 50 cm are reddish brown (5YR 5/4), where as the upper 50 cm is 
greyish brown (lOYR 5/2) (eg. 8.5S) again attributed to post-depositional hydromorphic 
effects. Figure 5.9a shows some red banding at 135 cm from the upper contact. 
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Figure 5.6. Trenches at Bunyan Siding. 
(a) Trench at 0.0-1.0S. (b) Trench at 4.0-4.SS. 
(c) Trench at 7.5-8.SS. (d) Trench at 11 .0-12.5. 
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5.8. FACIES INTERPRETATION 
The two major facies sequences and additional minor unit (facies Fh) described 
previously (Section 5.6), represent three depositional phases active under different 
geomorphic and environmental conditions. Interpretations of these conditions are now 
discussed, together with those inferred from the post-depositional features, i.e. calcretes, 
burrows and soils (Section 5.7). 
5.8.1. First Facies Sequence 
The first facies sequence is essentially a gravel-sand-clay fining upward sequence and is 
interpreted as a section through a migrating meander of a large fluvial channel on a broad 
flood plain within the Bunyan valley. The sequence is similar to flood plain models with 
meandering streams described by Jackson (1978), Reineck and Singh (1980), Leeder 
(1982), and Walker and Cant (1984). 
The basal gravel (facies G) represents the main channel thalweg or point bar, the gravels 
exposed in the section representing the upstream slope of the point bar. The channel 
would have incised the soft lake clays of the underlying Miocene Bunyan Formation. The 
width of the basal gravel bed normal to the longitudinal section (being at least 7 m) 
suggests a channel larger than the nearby modem Cooma Creek. The gravel bed is similar 
to present day gravel deposits seen in the nearby larger Rock Flat Creek and N umeralla 
River. The polymictic lithology of the gravels in the sequence and their subrounded 
shapes suggest they were originally transported from the local region, but over a 
considerable distance to produce rounding. The similarity between the clasts and those in 
the gravel on the top of the adjacent hill (Figure 5.1), suggests that they may have been 
reworked from that source. 
As the stream migrated westward, bedload channel deposits such as cross-bedded sands 
and flood plain deposits of silt and clay facies were vertically accreted. Cross-bedding in 
the sand beds indicates a NE palaeocurrent direction. The bioturbated bed midway up the 
sequence (facies Sb), capped by an organic rich layer is interpreted as a partially vegetated 
swampy mud flat on a stream ed_ge or levee bank. The thick clay bed at the top of the 
sequence represents suspended fines deposited as overbank deposits when the main 
stream was far to the west of the site. 
5.8.2. Second Facies Sequence 
The second facies sequence is interpreted as being a fluvial deposit, away from the main 
channel, but near enough to have small stream gravel/pebble lag deposits, and be 
occasionally covered by large flood debris possibly as crevasse splay material in a sudden 
flood event (facies Sp). Some sediment contribution as colluvium/slope wash material 
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from the hillslope to the east of the deposit may also have occurred, as suggested by the 
poorly sorted clasts within the loam matrix (facies Sp). The laminated clays and silts 
(facies Fir) represent overbank suspended clays and silts. 
The well-developed pedogenised zone in the upper 30-40 cm of the sequence suggests 
deposition had ceased a considerable time ago, to enable sufficient time for the soil profile 
to mature. 
5.8.3. Additional Facies 
The small unit comprising facies Fl, is interpreted as recent alluvial slope-wash material 
accumulating in the areas of lowest relief at the top of the section. The absence of 
significant soil development together with the dark colour suggesting high organic 
content, and the presence of sheep bones in the sediment imply the unit was deposited 
within the last 100 years (i.e. post-European settlement alluvium). 
5.8.4. Calcrete Profile Interpretation 
The environmental conditions under which pedogenic calcretes form are generally found 
in arid or semi-arid climates in areas with relatively low annual rainfall between 400 and 
600 mm, which limits leaching effects (Goudie, 1983; Klappa, 1983; Milnes and Hutton, 
1983), thus suggesting a semi-arid environment (current rainfall is 500 mm/year) has not 
been exceeded in the Bunyan area since the formation of the calcrete profile, otherwise it 
would have not been so well preserved. 
The geomorphic processes under which calcrete profiles are developed and preserved are 
complex and in part, unresolved. There are several current models (reviewed by Goudie, 
1983; Klappa, 1983; Milnes and Hutton, 1983; Milnes, 1992) which could explain the 
features seen in the Bunyan Siding profile. Understanding the process is relevant to this 
study, for establishing the sequence of geological events at the site, and for assessing the 
reliability of radiocarbon dates in relation to contamination. A detailed study of the 
calcrete formation at Bunyan Siding is currently under way by other workers (Fisher, M. 
pers. comm. 1995). 
The 'per descendum' model of Goudie (1983), suggests calcrete profiles develop by 
initial accumulation of calcium carbonates on the surface, (for example from a surface 
aeolian deposit, or dissolved in rainwater, or vegetation litter, or animal shells or bone) 
followed by downward percolation of the dissolved carbonates differentially precipitating 
out in voids, root channels, and along bed contacts with different permeability (Goudie, 
1983, fig. 4.5). Although there are many morphological variations in a calcareous 
pedogenic profile (see Klappa, 1983; Milnes and Hutton, 1983) a typical profile would 
comprise a nodular or pisolitic soil, over a laminar calcrete or hardpan, over a mottled 
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horizon (Milnes and Hutton, 1983; Milnes, 1992, fig. 13.3a). The 'per descendum' 
model would explain the nodular calcretes high in the Bunyan Siding profile overlying the 
hardpans, which overlie the mottled zone which follows roots and cracks in the clay 
facies. If correct, this model would indicate a time of arid conditions followed by a wet 
phase to mobilise and then precipitate the calcium carbonates. 
A variation on the 'per descendum' pedogenic model is that the source of calcium 
carbonate would be not from the surface but in situ dissolved from the host sediment, 
containing calcium-rich weathered rock (Goudie, 1983). The features of the profile would 
be similar to the above model. Possible sources within the sediment at Bunyan Siding 
would be from the weathering of basalt clasts, limestone or bone. 
A second model involves lateral movement into the profile by seepage of throughflow 
calcium-rich water. The source would be either a pre-existing calcrete horizon (the 
'detrital' model of Goudie, 1983, fig. 4.6) or adjacent lacustrine areas (see Milnes, 
1992). At Bunyan Siding the surrounding lake facies of the Bunyan Formation (Taylor 
and Walker, 1986ab) may contain high calcium carbonate levels either dissolved from 
lake micro-fauna and flora, or dissolved from the nearby marine limestone of the 
Cappanana Formation (Lewis et al. 1994). 
A third model involves non-pedogenic processes, either by groudwater or fluvial action, 
with upward movement of calcium enriched groundwaters and subsequent fluctuations 
with surface evaporation, essentially the 'per ascendum' model of Goudie (1983, fig. 
4.4). Field characteristics are not provided by Goudie (1983). Pluvial action would result 
in calcium carbonate layers deposited by a sheet flood event or within channels or valleys 
(see Goudie, 1983). 
From the work in this study the calcrete profiles at Bunyan Siding do not strictly fit any 
of these models and it remains uncertain as to their mode of formation. The thickness of 
the calcrete profile (up to 2 m thick) suggests it formed over a long period of time, 
through a period with surface stability, under arid or semi-arid conditions, followed by a 
fluctuating wetter phase to mobilise and precipitate the carbonates. There are multiple 
sources for the calcium carbonate and evidence for multiple precipitation events, including 
their occurrence in both major units, truncated calcrete hardpans in the lower unit at the 
upper contact, and diagonal linear organisation of angular nodules in the upper unit 
inferring an in situ, not transported, origin for those nodules. 
It should be noted that calcrete profiles occur throughout the Monaro region in units of 
both Pleistocene and Holocene ages, and cover a range of morphological types. Examples 
are at South Bunyan (this work); Pilot Creek (Ride et al., 1989; Chapter 4); Rock Flat 
Creek (Feary et al., in prep); and Teapot Creek (Dansie, 1992). All of these localities are 
within the present rainshadow affected area subjected to semi-arid conditions. 
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5.8.5. Soil Profile Interpretation 
The Red-brown Earth is developed within the upper facies of the second facies sequence. 
It is fairly complete, not truncated, and is a mature soil, suggesting a considerable time 
period has past since its initial formation. Similar red earth soils frequently occur in 
Pleistocene valley-fill sequences throughout the region (for regional correlations see 
Chapter 6). It would be premature to infer particular environmental conditions under 
which red-brown earth soils form as there are many variables, including climate, aspect, 
vegetation, host material effecting soil development 
5.9. INTERPRETED GEOLOGICAL HISTORY 
Two major phases and a recent minor phase of deposition, separated by erosional phases, 
together with periods of surface stability and burrowing, are recognised in the Bunyan 
Siding sequence. The sequence of events is now discussed in the interpreted order of 
occurrence from oldest to youngest 
1. Erosional Phase I 
At the base of the Bunyan Siding sequence a coarse gravel facies unconformably overlies 
lake clay facies of the Miocene Bunyan Formation. The contact is an irregular scour 
contact and marks a major erosional period prior to the deposition of the first Bunyan 
Siding unit. 
2. Depositional Phase I 
The first major phase of deposition (represented by the first facies sequence) comprises 
the deposition of the distinctive basal gravel bed followed by over 15 beds of facies Sc, 
Sm, Sb, St, Fig and Fm in a generally fining upward sequence. The beds are of variably 
thickness, most between 2 and 5 cm, separated by horizontal bedding and sharp contacts. 
Because of these features no significant time break is inferred to have occurred during the 
deposition of these beds, and the entire unit was probably deposited over a relatively 
short period of time. 
3. Erosional Phase 11 
An erosional phase indicated by an irregular sharp contact separates the first and second 
sedimentary units. In places the contact is steeply angled suggesting that erosion of the 
surface of the first unit was probably by fluvial incision. 
4. Depositional Phase II 
The second phase of deposition (represented by the second facies sequence) comprises 
interbedded gravels, sands, silts and clays (facies Gf, Sp, and Fir) in lenses separated in 
some places by graded and others by sharp contacts. It is suggested that this unit was 
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deposited over a relatively short period because there are no major erosional breaks 
between beds, many of which have ill-defined contacts. 
5. Burrowing Phase I 
The fossil wombat burrow at 8.5S penetrates into the sand and clay facies of the lowest 
unit. It is infilled with red coarse sands of the overlying unit. The burrow was therefore 
formed after the deposition of the first unit. It may have occurred either prior to the 
second phase of deposition, or alternatively, after the second and in-filled with 
surrounding matrix. Part of the irregular contact, between 9.0S and 11.0S, could be 
attributed to burrowing. The lack of calcrete nodules within the in-fill of the burrow 
suggests that the burrow may have formed and filled prior to the nodules forming. 
6. Soil Development 
The Red-brown Earth is developed within the upper facies of the second unit and is 
therefore assumed to have been developing since the cessation of deposition of that unit. 
It is fairly complete, not truncated, and is a mature soil, suggesting a long time period has 
passed since its initial formation. 
7. Depositional Phase Ill 
The third and most recent phase of deposition is a small slope wash deposit exposed in 
the upper 10 cm between 0.0 and 1.5N. It is inferred to have accumulated over a very 
short time (last 100 years), because of its uniform texture, lack of pedogenesis, and 
contained fauna (a sheep). 
8. Burrowing Phase II 
Burrows in the northern part of the section are considered to be recent features and are 
currently occupied. 
Calcrete Phases 
It is debatable when, and how often, calcretes have developed in the Bunyan Siding 
sequence. The calcrete profile occurs in both the first and second depositional units. 
There are three possible sequences of events to explain the distribution of calcretes: 
(a) after Depositional Phase I, and nodules were latter re-worked into the second unit 
during Depositional Phase II; 
(b) there were two phases of calcrete development, after Depositional Phase I and after 
Depositional Phase II; or 
(c) only after Depositional Phase II. 
The first sequence of events (see 'a' above) relies on the interpretation that the calcrete 
hardpan between 7.0 and 8.5S has formed on the surface and within sediments of the 
first unit, and, that the nodules in the overlying unit are re-worked from the hardpan at the 
erosional surface. Those nodules on the hillslope surf ace behind the site would have also 
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formed during this initial period. This is supporting by the observation that the main 
hardpan (at 7 .0 - 8.5S) is laterally incised forming truncated ends on the hardpan in line 
with the main erosional contact between the two units, implying it was eroded at the same 
time as the entire upper surface of the first unit (Figure 5.2). During the following erosion 
phase nodules loose on the surface would have been re-worked into the lower facies of 
the second unit, explaining their current presence in that unit 
Arguments against this sequence of events include sedimentary features in the hardpan 
(i.e. red matrix and pebble lags) which are typical features of the second unit, suggesting 
it developed within the second unit and not the first, and the lack of sorting of nodules in 
the second unit The nodules in the second unit have irregular shapes suggesting that they 
formed in situ and were not transported. 
The second sequence of events (see 'b' above) would be similar to the first but, instead of 
nodules being reworked into the second unit, they formed in situ during a later phase 
when original calcium carbonates were re-dissolved, re-mobilised, and re-precipitated. It 
is well known (for example see Netterberg, 1978) that a calcrete profile can represent 
multiple generations of precipitation. 
The third possible sequence of events (see 'c' above) is that the main calcrete phase 
occurred as a single event after the deposition of both the first and the second units. If the 
profile developed by downward movement of calcium-rich water, then the present profile 
agrees well with other examples where there are nodules at the top of the profile overlying 
hardpans, which are over mottled zones (Milnes, 1992). This would explain the 
distribution of the nodules in the second unit (developed in situ). The hardpan at 7.0-8.5S 
has a red matrix and pebble lags cemented within the calcrete pan which have the same 
morphology and lithology as basal facies found elsewhere in the second unit, and not in 
the upper facies of the first unit, implying the hardpan is formed in the second unit. It 
overlies an impermeable clay bed in the top of the first unit which would act as an 
hydrological barrier causing thicker accumulation along the bedding surface. Similarly, 
other hardpans and extensive tabular calcretes reflect the differential permeability of the 
host sediments. Where it can penetrate into clay beds, it infills cracks and root veins. 
However, the absence of nodules in the large wombat burrow (see Burrow Phase I 
above) does suggest calcretes probably formed prior to its formation and infilling. 
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5.10. FORMATION DEFINITIONS 
From the stratigraphic descriptions and interpretations two units, referred to as 
formations, are identified. 
5.10.1. Jilliby Formation 
The first major phase of deposition (represented by the first facies sequence) and 
subsequent post-depositional alteration is named the Jilliby Formation (new name). The 
formation is some 2 m thick, 150 m long and at least 7 m wide. The best exposure (type 
section) is at section 11.5S (Figures 5.7 and 5.8a). It comprises a distinctive basal gravel 
bed (facies G) traceable along the length of the section, and which disconformably 
overlies Miocene lake sediments of the Bunyan Formation (Taylor and Walker, 1986ab). 
The formation comprises facies G, Sc, Sm, Sb, St, Flg and Fm in a generally fining 
upward sequence with horizontal bedding and sharp contacts between beds. The beds are 
generally yellow/grey and red/grey in colour (lOYR 4/2, lOYR 5/4, and lOYR 6/6). In 
places an extensive calcrete profile, including hardpans, tabular and nodular calcretes, 
occurs in the upper half of the unit. The Jilliby Formation is interpreted to have 
accumulated by a fluvial system comprising a large stream migrating across a flood plain, 
incorporating channel, backswamp and flood plain facies. It has an irregular, sharp, 
upper contact with the overlying formation. 
5.10.2. Nestle Brae Formation 
The second phase of deposition (represented by the second facies sequence) and 
contained soil profile is named the Nestle Brae Formation (new name). The Nestle Brae 
Formation extends the length of the road cutting exposure, some 150 m, and is up to 1.5 
m thick. The best exposure (type section) is at section 4.5S (Figure 5.6b and Figure 5.7). 
It comprises interbedded gravels, sands, silts and clays (facies Gf, Sp and Flr) in lenses 
separated in some places by graded and others by sharp contacts. Lateral variation in 
facies is prevalent. The sequence has an overall reddish colour (5YR 4/4 and 5YR 4/6) 
and has a calcrete profile developed in places. A mature red earth soil developed in the 
upper 40 cm marks the upper limits of the formation. The formation is interpreted to have 
formed in a fluvial environment comprising small channels, crevasse splays and flood 
plains, with some colluvial sediment from the hillslope to the east. A long period of 
surface stability followed to enable a mature soil horizon to develop. 
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5.11. AGE OF BUNYAN SIDING 
A radiocarbon date of 21, 890 ± 440 (Beta-18298) on organic carbon in soil from the 
Jilliby Formation was available at the start of the project as a guide to the age of the site 
(Ride et al., 1989). 
5.11.1. Radiocarbon Dating 
Procedures and results 
Although there are at least four materials (charcoal, soil organics, bone, calcrete) in the 
site potentially suitable for radiocarbon dating only charcoal and soil organics were used. 
Bone samples were not used because of the likelihood of contamination by soil carbonates 
(see Gupta and Polach, 1985), and because there was no collagen preserved, established 
by dissolving bone samples in 10% HCl for 2 hours, and observing complete dissolution, 
while a control sample of recent bone left a 'gelatine' residue of collagen (see Gillespie, 
1986). Calcrete nodules were not suitable because of their potential for contamination 
error due to multiple generations of precipitation and initial low Cl4/Cl2 ratios (Williams 
and Polach, 1971; Netterberg, 1978). Current dating studies on calcrete nodules from 
Bunyan Siding by others (Fisher, M. pers. comm. 1995) may prove them to be useful 
material for dating. 
Field no. Formation (Facles) cm below Site ref. Mater la I Result (yBP) 
(lab. no.} contact* 
86 (ANU8455+ Jilliby Fm (Facies Fig) 28 11.58 soil organics too small 
AMS345) 
C1(Beta18298) Jilliby Fm (Facies Fig) 50 10.0S soil organics 21,890±440 
87 (ANU8456+ Jilliby Fm (Facies Fig) 70 11.58 soil organics too small 
AMS344) 
81 (ANU8103) Jilliby Fm (Facies G) 256 11.7S charcoal 106 ±4.5 
• field measurements taken as distance below upper contact of host unit (Formation). 
Table 5.3. Radiocarbon dating sample location data and results from Bunyan Siding. 
In this study three samples were submitted for conventional radiocarbon dating. Two of 
these samples have also been submitted for Accelerator Mass Spectrometry (AMS) 
counting (Table 5.3) to the ANTARES AMS Facility, Sydney (results are not yet 
available, April, 1996). All samples were collected from the Jilliby Formation (see Figure 
5.8), there being no suitable organic material found in the overlying Nestle Brae 
Formation. 
The sample (BETA-18298) giving a result of 21,890 ± 440 years B.P. (Ride et al., 1989) 
comprised organic carbon in soil (0.1 % carbon) with a pre-treatment of hot acid washing 
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to eliminate carbonates. Fresh material (ANU-8456) was collected in this study from the 
same bed 4 m to the south in the Jilli by Formation at 1 O.OS at 50 cm below the contact 
between the Jilliby Formation and Nestle Brae Formation in a clay facies (Fig facies) 
above the bioturbated bed (Figure 5.8). The event being dated is interpreted as the time of 
accumulation of soil organics, probably swampy vegetation, midway through 
Depositional Phase I at the site. 
This sample (ANU-8456) and another (ANU-8455) are soil organic samples (0.1% 
carbon). The sample ANU-8455 was collected 40 cm above ANU-8356 and contained 
visible particles of charcoal. Both were pre-treated by the ANU laboratory with 10% HCl 
to remove carbonates, and then 5% NaOH to remove humic acids, the NaOH insoluble 
fraction then neutralised, filtered, rinsed, and dried following standard laboratory 
procedures (after Gupta and Polach, 1985). 
A fourth sample from a sandy clay lens in the basal gravel of the Jilliby Formation (ANU-
8103), was a charcoal sample. This sample was very small. 
Discussion of radiocarbon results 
The reliability of all four samples as absolute age estimates for the unit is questionable for 
several reasons. Firstly, the original sample, BETA-18298, was not pre-treated with 
alkaline wash, thus the possibility of post-depositional contamination by humic acids is 
high (see Aitken, 1990), considering the fluctuating hydrological history of the entire 
sedimentary sequence. The alkaline pretreatment given to the other three samples during 
this study should have eliminated this contamination error. 
Secondly, all four samples were very small, with less than 1 % carbon, making counting 
by conventional methods time consuming and unreliable, and increasing the error from 
contamination, giving a younger date (Chappell, 1985). As Chappell (1991), Roberts et 
al. (1994) and others have noted, small samples in radiocarbon dating can easily cause 
erroneous results, particularly in sites older than 20 ka. An example given by Chappell 
(1991) illustrates the problems of contamination. If a site extending across the range 20 to 
100 ka were uniformly sampled at least 70% of radiocarbon dates would give a result of 
'infinite' age. If only 1 % of younger carbon were added to all samples 80% would then 
have a result of around 35-40 ka and none would have a result of 'infinite' (Chappell, 
1991, p. 378). 
It is concluded that the age reported (Ride et al., 1989) of 21,890 ± 440 years B.P., is 
probably too young, due to humic acid contamination. The two samples, ANU-.8455 and 
ANU-8456, were too small for conventional counting and await AMS counting as a 
cross-check on other dates. The result of 106 ± 4.5 years B.P. (ANU-8103) for the 
sample taken from the base of the sequence is considered erroneous, probably because the 
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sample was too small to accurately count using conventional methods (Head, J. pers. 
comm., 1995). 
5.11.2. Optically Stimulated Luminescence (OSL) 
OSL and the better known technique of thermoluminescence (1L) are dating methods (see 
Aitken, 1990) now being utilised at Quaternary sites throughout southeastern Australia to 
date waterborne sediments (e.g. Nanson and Young, 1987; Page et al., 1991; Roberts et 
al. 1994). OSL uses light, as opposed to 1L which uses heat, to bleach samples during 
the laboratory procedure (for details of method see Aitken, 1990). 
Procedures and Results 
Six samples were collected at Bunyan Siding from various units (see Table 5.4, Figure 
5.7, Figure 5.8) by R. Roberts and myself. A seventh sample was collected from the bed 
of the nearby Cooma Creek as a modem standard. Samples were collected in thick poly-
pipes and sealed from light at both ends. Samples of surrounding sediment were also 
collected for standards. A portable gamma spectrometer was used to take two readings in 
each sampling site to calculate the environmental dose rate (or soil gamma component of 
the annual dose rate, see Aitken, 1990). 
The samples were processed by R. Roberts in the OSL laboratory at the Australian 
National University (Research School of Pacific and Asian Studies). Laboratory 
calculations and source data are held by Roberts. Results are available from two samples, 
BTL4 (in Jilliby Formation) and B1L5 (in overlying Nestle Brae Formation). 
Fleld No. Formation (Facles) cm from Site ref. Mater la I Result (years) 
contact 
BTL7 modern analogue in Cooma Creek near surface sand modern 
BTL6 Nestle Brae Fm (Sp) 20* 10.48 sand not processed 
BTL5 Nestle Brae Fm (Fir) 5** 11.0S sand > 100, 000 
BTL4 Jilliby Fm (Facies Fm) 24* 11.58 sand > 75,000 
BTL3 Jilliby Fm (Facies Sc) 300*** 8.78 sand not processed 
BTL2 Jilliby Fm (Facies Sc) 147* 11.58 sand not processed 
BTL1 Jilliby Fm (Facies Sc) 256* 11.7S sand not processed 
* measurements taken as distance below upper contact of host un~ (Formation) (see Figure 5.6). 
** measurement taken as cm above lower contact of Nestle Brae Formation (see Figure 5.6). 
*** measurement taken from surface of Nestle Brae Formation (see Figure 5.4). 
Table 5.4. OSL sample location data and results from Bunyan Siding. 
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The results of the two samples processed, BTL4 and BTL5, are >75 ka and >100 ka 
respectively (Table 5.4). For both samples the Annual Dose Rate (see below), was 
relatively high, meaning the samples were 'saturated' at a relatively fast rate, (i.e. by 75 to 
100 ka) instead of the more usual range of 300 to 500 ka (Roberts pers. comm., 1994). 
The Annual Dose Rate is the amount of naturally occurring radioactivity from cosmic rays 
and radionuclides (potassium, thorium, uranium, rubidium) and calculated in part by 
taking readings at the site using the gamma spectrometer (Roberts et al., 1995). The 
Palaeodose Rate is 'the radiation dose acquired by the mineral grains during burial and is 
calculated from the quantity of light emitted by the sample when exposed to light (Roberts 
et al., 1995, p. 3), and used to calculate the age: age= palaeodose rate I annual dose rate 
(see Aitken, 1990). 
Discussion of OSL Dates 
The two ages on either side of the contact between the Jilliby Formation and Nestle Brae 
Formation suggest both units are older than 100 ka. Although there are several 
assumptions and problems involved in the OSL dating method (see below) these results 
are considered reliable minimum age estimates for both units. 
One inherent assumption in the method is that the waterborne quartz grains in the sample 
were completely bleached at the time of transportation and deposition. Water is not a good 
transmitter of sunlight but it can take only several minutes of exposure to fully bleach a 
quartz grain (Aitken, 1990). Both the BTL4 and BTL5 samples were taken from flood 
plain facies and not channel facies, and it is considered there was no, or minimal, residue 
in the original samples. 
A second problem with OSL dating applied to sediments is that water or soil moisture can 
absorb part of the radiation that would otherwise reach the quartz grain, thus reducing the 
environmental dose rate on the grains over time, resulting in a younger age estimate. The 
deep calcrete profiles between the units suggests the site has not been subjected to 
considerable waterlogging and leaching, but rather, has been in semi-arid conditions, thus 
the effects of soil moisture on the dates of> 100 ka are considered minimal. If there was 
an effect by soil moisture, then the Bunyan Siding results of >75 and >100 ka are 
minimum ages and may in fact be considerably older. 
S.11.3. Palaeomagnetics - Magnetostratigraphic Techniques 
In order to establish how old the Bunyan Siding units were, a third dating method, 
. palaeomagnetics, was utilised at the site. There are several types of palaeomagnetic 
signals (Butler, 1992). Detrital Remanent Magnetisation (DRM) is the type acquired 
during sedimentary deposition and is the type detected in this study. Other types are 
Chemical Remanent Magnetisation (CRM) acquired during weathering over a long period 
of time by low temperature formation of secondary iron oxides. Samples at Bunyan 
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Siding were taken in the unweathered zone of the Jilliby Formation as well as at the top of 
the sequence to detect effects of CRM. The other common type is Thermal Remanent 
Magnetisation (TRM) acquired during cooling of igneous and metamorphic rocks - clearly 
not relevant here. 
Procedures and Results 
Six beds were sampled, all in the Jilliby Formation, each with three samples (Table 5.5). 
Small (2.5 cm) plastic cubes were used and hand orientated with a prismatic compass. 
Samples were analysed by Dr. B. Pillans using an ScT two-axis cryogenic magnetometer 
at the joint AGSO/ANU Palaeomagnetic Laboratory, Black Mountain, Canberra. 
Stepwise alternating field demagnetisation up to maximum fields of 99 MT was carried 
out to isolate the stable magnetic remanence in the samples. 
The results in the Jilliby Formation after cleaning all indicated 'normal polarity' (i.e. 
similar to the polarity of the Earths magnetic field at present). 11rree samples (B 13 - B 15) 
in the weathered, upper 5 cm of the Jilliby Formation yielded NRM directions 
significantly different from the long term average (dipole) normal field direction, but after 
cleaning revealed directions closer to the normal dipole field (Figure 5.10). 
Discussion of results 
The present polarity has been essentially the same for the last 0.78 Ma and is referred to 
as the Brunhes Normal Chron (see Cande and Kent, 1992). Prior to this, from 0.78 to 
2.60 Ma, the Earths polarity was reversed (termed the Matuyama Reversed Chron). 
Included in the Matuyama Reversed Chron are two small phases of normal polarity, the 
Jaramillo Subchron (0.95 to 1.07 Ma) and the Olduvai Subchron (1.77 to 1.95 Ma). 
The question arises as to which of the phases of normal polarity corresponds to the one 
detected in the Jilliby Formation at Bunyan Siding. It is considered by Pillans (pers. 
comm., 1995) and myself that the most likely correlation is with the most recent phase, 
the Brunhes Normal Chron, spanning the Middle and Late Pleistocene and the Holocene 
(0.0 - 0.78 Ma). It is considered unlikely for a normal signature caused during the two 
small phases at the end of the Matuyama Chron in the Early Pleistocene to be preserved 
by DRM and not overprinted by the subsequent longer reversed phases. 
The Brunhes/Matuyama transition has been detected in Quaternary sediments elsewhere in 
the region, at Lake George (Singh et al. 1981b; McEwen Mason, 1991). Reversed 
polarity CRM's are common in strongly weathered regolith material in the Southern 
Tablelands, but Bunyan Siding shows no evidence of a reverse polarity CRM overprint 
(Pillans, pers comm. 1995). 
Hence, I conclude that the Jilliby Formation was probably laid down between 100 ka and 
780 ka. 
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Fie Id No.Depth Site Ref. NRM 20mT a.f. Polarity** 
(cm)* (Dec, Inc) Cleaned 
(Dec, Inc) 
xB15 5 10.4$ 325, +11 338, -30 1-N 
xB14 5 10.4$ 323, +13 339, -41 1-N 
xB13 5 10.4$ 320, +13 325, -26 1-N 
812 30 11.SS 333, -50 334, -58 N 
811 30 11.SS 331, -49 356, -48 N 
810 30 11.SS 335, -54 348, -56 N 
89 65 11.5S 351, -50 340, -47 N 
88 65 11.SS 014, -55 009, -60 N 
87 65 11.SS 002, -42 355, -53 N 
86 133 11.5S 016, -59 015, -63 N 
BS 133 11.SS 011, -53 358, -60 N 
84 133 11.SS 005, -56 351, -62 N 
83 165 11.SS 002, -47 355, -59 N 
82 165 11.5S 029, -46 031, -46 N 
81 165 11.5S 009, -45 352, -56 N 
• field measurement taken from upper contact of Jilliby Formation (see Figure 5.6 for exact sample 
positions); 
••Dipole field direction at Bunyan is 3500, -sso (Dec, Inc), N. Normal polarity, 1- Indeterminate polarity; 
x Samples 813-815 at the top of the Jilliby Formation were weathered clay with evidence of shrink/swell 
disturbance - probably smectitic clays. Non-dipole field directions are often encountered in such materials 
(Pillans, unpubl.) 
Table 5.5. Palaeomagnetic sample location data and dating results, Bunyan Siding. 
(A) N (B) N 
15 
•'14 13 
15 
T 0 13 0 1 0 
1 12 
9 300 140 9 11 
o cia 0 2 0 70 o2 1 CIDO 1tP 0 10~ 8 
10 4 6 12°?4 s:oe 
• 
+ + 
Figure 5.1 O. Stereographic projections of palaeopositions of all sample points, Jilli by 
Formation, Bunyan Siding: (A) natural remanent magnetisation (NAM), and (B) after 20 MT a.f. 
cleaning. Open circle • negative inclination. closed circle "" positive inclination, star= present 
day geomagnetic dipole position for Bunyan; black box = present field direction at Bunyan; small 
numbers = sample numbers. 
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5.11.4. Lithostratigraphic Correlations and Rates of Deposition 
The Bunyan Siding sedimentary sequence is a perched abandoned terrace positioned on 
the side of the Bunyan valley. It is approximately 8 m above the modern valley floor 
indicated by the present level of Cooma Creek. Its high position in the landscape and its 
separation from the modern creek by extensive alluvial flats which elsewhere in the region 
are of Holocene age (see Chapter 2.3), suggesting the site is significantly older than the 
Holocene. The deposit unconformably overlies lake facies of the Miocene Bunyan 
Formation (Taylor and Walker, 1986ab) and on that basis is therefore younger than 
Miocene. 
Within the Jilliby Formation, the bed contacts are well defined, beds have a general fining 
upward grain size, and the unit overall is some 3 m thick. There is no evidence of a 
significant time break between the beds, such as a well developed soil horizon or scoured 
erosional surface. Thus, the Jilliby Formation was probably deposited over a relatively 
short period (i.e. lOO's not lOOO's of years). Rates of deposition are difficult to calculate 
due to a lack of well dated sedimentary sequences of similar magnitude, and only a rough 
estimate can be postulated. 
The calcrete profile between the two units is thick (in places 2 m) suggesting a long period 
of surface stability under arid or semi-arid conditions to enable the calcretes to 
accumulate, but again, rates of deposition cannot be reliably estimated due to lack of dated 
comparative profiles. From palaeoclimatic evidence throughout the region (Chapter 2.2) 
the last long period of arid conditions coincided with the last glacial period (around 30 -
15 ka). Prior to this, arid phases (indicated by glacial periods) through the Pleistocene are 
inferred to have occurred in cycles of about every 100,000 years (Wasson and Clark, 
1987). Thus, the time of calcrete formation at Bunyan Siding could have been during any 
of these arid phases, and not necessarily the most recent phase. 
The upper unit, the Nestle Brae Formation, is relatively uniform in sedimentary texture, 
dominated by sandy clay loam facies (Sp) and medium to fine sands (Sm), with a well 
developed Red-brown earth soil profile developed in the upper 30-40 cm. The mature soil 
infers the upper surface of the unit has been exposed for a considerable period of time. 
Similar soils in the region occur on units of at least Late Pleistocene age (see Chapter 
2.3). Furthermore, some basalt clasts in the section show a considerable degree of 
weathering which can be a good indication of age (Colman, 1986). Examples of 
decomposed basalt clasts with thick weathering rinds are at 16-l 7N in red gravels. 
There is one other geomorphic feature in the nearby landscape at the same topographic 
contour as Bunyan Siding (730-740 m) with similar lithology, which is tentatively 
correlated to the Bunyan Siding sequence. South Bunyan, 2.8 km SSW (Figure 1.2) is at 
a similar elevation (7 40 - 7 50 m) and has a similar general profile, but differs in 
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sedimentary detail. The South Bunyan sequence comprises a distal fluvial (? lacustrine) 
deposit of a thick (at least 1.5 m) basal grey clay unit mixed with shale clasts from a 
nearby steeply dipping shale bed (for more details see Chapter 6). The clay unit is 
overlain by a red silty clay loam similar to the Nestle Brae Formation. Nodular calcretes 
occur at the site only in the grey clay unit, some adhering to the shale clasts. Vertebrate 
fossils from the grey clay unit at South Bunyan are referred to Diprotodon sp. (see 1'-i.:t !1 ~ 
Chapter 3) and support a Pleistocene age estimate for that deposit (see Chapter 7 .2.3 for 
lithocorrelation discussion). Further geological work may elucidate the affinities that 
South Bunyan has to Bunyan Siding. 
Both units in the Quaternary sequence at Bunyan Siding (Jilliby Formation and Nestle 
Brae Formation) pre-date the Pilot Creek Formation in the Pilot Creek sequence (Chapter 
4), assuming that the OSL dates are reliable estimates of the ages of Bunyan Siding units, 
and also that the radiocarbon dates at Pilot Creek are acceptable. The Bunyan Siding units 
and the Pilot Creek Formation are similar geologically in so far as they are both fluvially 
derived abandoned alluvial terraces, with mature soil profiles developed in their upper 
beds, but differ in internal facies sequences, lithology and colour. As stated in Chapter 
2.3, even if they were similar lithostratigraphic units they would not necessarily be 
chronostratigraphic equivalents, as the same sedimentary processes may have been 
occurring at more than one time, as shown in other Quaternary sequences in the region 
(Prosser, 1988; Erskin and Melville, 1995). 
The Rock Flat Creek, Tannery Creek, and Bulong sedimentary sequences differ in facies 
types and order of facies, degree of pedological development and geomorphology and are 
considered to be younger than the Bunyan Siding sequence. However, these fossil 
localities require further stratigraphic and dating investigations (see Chapter 6). 
5.12. CONCLUSIONS 
5.12.1. Site Stratigraphy 
It is concluded that there are two major stratigraphic units represented in the Quaternary 
sequence at Bunyan Siding. The lowermost unit, the Jilliby Formation, is a fluvially 
derived deposit some 150 m long and 3 m thick. The base of the unit unconformably 
overlies Miocene palaeolake facies of the Bunyan Formation, and is marked by a clast-
supported gravel bed. The gravels are overlain by several fining upward sequences of 
well-sorted sand/silt/clay facies, with a bioturbated bed in the middle of the sequence. A 
thick calcrete hardpan occurs on and in the upper beds of the unit. The sequence is 
interpreted to have been deposited in a large westerly migrating meandering stream 
system and associated swamps and flood plains. 
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An irregular sharp contact separates the Jilliby Formation from the overlying Nestle Brae 
Formation. The Nestle Brae Formation is a fluvial/colluvial unit up to 2 m thick, 
comprising small gravel lag deposits, finely laminated silt/clay beds, large sandy clay 
loam beds with poorly sorted pebbles scattered throughout, and has an overall reddish 
colour. A calcrete profile has developed in places. A mature red earth soil occurs in the 
upper 40 cm of the unit. The unit is interpreted to have formed in a fluvial environment 
characterised by small channels, crevasse splays and flood plains, with some colluvial 
sediment influx from the hillslope to the east. A long period of surf ace stability followed 
the second deposition phase during which time a mature soil horizon developed. 
5.12.2. Age of Bunyan Siding 
It is concluded that the age of the fossiliferous sequence at Bunyan Siding is of Middle 
Pleistocene age (100 - 780 ka). The stratigraphically lowest unit, the Jilliby Formation, is 
of an age greater than 100 ka and less than 780 ka. This age estimation is deduced from 
OSL dating results giving a minimum age estimate of around 100 ka, and 
magnetostratigraphy which indicates the site has normal polarity and is therefore within 
the Brunhes Normal Chron (< 780 ka). The radiocarbon date of 21,890 ± 440 years B.P. 
from the middle of the Jilliby Formation is considered to be too young as a result of 
probable contamination and cannot be accepted any longer. 
The Nestle Brae Formation ts stratigraphically above the Jilliby Formation and is 
therefore younger. However, OSL dates suggest that this unit, like the Jilliby Formation, 
is also older than 100 ka and is also within the Brunhes Normal Chron. 
The age estimate is supported by biocorrelations with fossil faunas of Middle and Early 
Pleistocene age throughout Australia (see Chapters 6 and 7) and by the position of the 
deposit within the landscape, being perched on the side of the valley. 
262 
Chapter 6: Stratigraphic Sequences 
CHAPTER 6: NORTHERN MONARO STRATIGRAPHIC SEQUENCE 
6.1 INTRODUCTION 
Chapters 4 and 5 describe the stratigraphy of the two major fossils localities, Pilot Creek 
and Bunyan Siding. The stratigraphy of five minor fossiliferous sites in the study area is 
described here (Section 6.2). The minor localities are South Bunyan, Bulong, Tannery 
Creek, Rock Flat Creek, and Ryries Creek (Figure 6.1). Although not dated and 
containing only a few fossils, these localities are recorded here because they preserve 
sedimentary sequences which correlate in part with dated units at Pilot Creek and Bunyan 
Siding, and with others across the Southern Tablelands, and in the event more fossils 
from these localities may be found later and used to further test the regional stratigraphic 
model. 
Figure 6.1. The northern Monaro fossil localities. 
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The results of the present study of the geology (Chapters 4, 5, and 6) generally support 
observations made by Walker and Green (1976), Coventry and Walker (1977), Prosser 
(1988), and others, that the Late Pleistocene deposits and Holocene deposits across the 
Southern Tablelands are distinguishable by certain observable field attributes. Units at the 
study localities with similar attributes and ages as these regional Late Pleistocene and 
Holocene units are recognised. No deposits have been found which are equivalent to the 
Middle Pleistocene Bunyan Siding deposit (Chapter 5) or the South Bunyan deposit 
(described below). 
A summary of the proposed stratigraphic sequence for the study localities is given in 
Section 6.3. The sequence is made up from physical sedimentary evidence (e.g. 
superposition of units, extent and nature of soil development), lithostratigraphic evidence 
and absolute dating results where available. Biocorrelations using the contained faunas 
are discussed. Given the limitations on preservation of units at the sites and available 
dates the sequence is fairly disjunct with no information for the period between 100 ka 
(representing the end of deposition at Bunyan Siding) and around 25 ka (the start of the 
Pilot Creek sequence). The record at Pilot Creek from 25 ka to present is also patchy but 
several phases of deposition, surface stability and erosion are recognised. 
6.2. GEOLOGY OF THE FIVE MINOR NORTHERN MONARO 
LOCALITIES 
6.2.1. South Bunyan 
South Bunyan is in the south bank of a roadcutting 6.8 km north of Cooma (Figure 6.1, 
Figure 6.2). It is at an elevation of 740-750 m above sea level. Two unconsolidated 
sedimentary units are exposed at the site. The underlying unit consists of fluvial (? 
lacustrine) deposit comprising a thick (at least 1.5 m) grey clay mixed with slate clasts. It 
is overlain by a red silty clay unit and has a well-developed red-brown earth in the upper 
40 cm. Nodular calcretes occur at the site only in the lower grey clay unit, some adhering 
to the slate clasts. Fossils are found in the grey clay unit. 
The two units unconformably overlie steeply dipping Ordovician slate bedrock and both 
contain re-worked slate material. Exposures of the clay-rich lake facies of the Miocene 
deposits of the Bunyan Formation (Taylor & Walker 1986a,b) occur nearby to the north 
of the slate outcrop. The Miocene lake deposits occur throughout the Bunyan valley and 
are also exposed below the Bunyan Siding and Rock Flat Creek sequences. 
The South Bunyan deposit is located slightly higher than Bunyan Siding (735-740 m), 
and 2.8 km SSW, 'upstream', in the same valley system formed by what is now called 
Cooma Creek. It is thus possible that it formed at a similar time as the Bunyan Siding 
sediments when the Cooma Creek flowed higher and further east than its present course. 
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Figure 6.2. South Bunyan, Bulong and Rock Flat Creek Fossil Localities. 
(a) South Bunyan site showing fossiliferous basal grey clay unit 
(A) and overlying red sandy clay unit (B) . 
(b) Bulong Site at the Site 4 excavation in the dark red unit 
(c) Rock Flat Creek showing large alluvial fan unit (A) truncated 
by the present creek and exposures of the Miocene Bunyan 
Formation (B). 
(d) Rock Flat Creek showing sequence near burial site (x) with 
basal yellow clay unit (A) below the grey carbonate unit (B) and 
surficial brown PESA unit (C). 
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The basal grey clay unit and overlying red silty clay unit at South Bunyan are tentatively 
interpreted to be contemporary with the Middle Pleistocene Bunyan Siding sequence, 
based on their relative positions in the landscape and similarities in degree of soil 
development with both sites having very mature red earth soils developed at the top of the 
deposits (Figure 6.3). 
6.2.2. Bulong 
Bulong is 4 km north of Cooma on the banks of the Cooma Creek (Figure 6.1). The 
locality includes four fossil sites. Sites 1 and 2 are on the south bank approximately 50 m 
and 100 m downstream from the Mittagang Road bridge, and Sites 3 and 4 are on the 
north bank at 40 m and 300 m respectively downstream from the bridge. Figure 6.2b 
shows Site 4. 
Three sedimentary units dominate the stratigraphy in the vicinity of the collecting sites. 
The lowest unit unconformably overlies Tertiary basalts and extends for some 10 m east 
and 20 m west along the gully wall from Site 4 and forms a subtle high terrace expressed 
in the land surface. The unit is up to 4 m thick, with upward-fining sediments ranging 
from coarse sand and pebbles with some planar crossbedding, at the base to medium 
sands higher up the section. The larger clasts are predominantly weathered foliated 
granites and schists up to 10 cm diameter with some basalt rocks and well rounded quartz 
pebbles. The matrix is dark red (5YR 4/6; 5YR 4/4) with a soil horizon developed in the 
upper 10 cm. Three fossils (listed in Appendix Al), including a humerus, rib and lower 
incisor of M acropus sp. cf. M. titan, were collected from this lower unit, all at Site 4 at a 
depth of 2.8 - 3.0 m. 
The middle unit is exposed intermittently along the gully walls of Cooma Creek for most 
of its length forming benches of black alluvial sediments with prairie soils developed 
within. At Site 4 the unit is only 20 cm thick and disconformably overlies the lower dark 
red fossiliferous unit. Upstream at Sites 1, 2 and 3 it forms 3.5 m high gully exposures. 
It is generally poorly structured although there is some horizontal bedding evident in the 
thicker exposures. Colour is dark grey/brown (lOYR 3/2) and texture generally silty clay. 
Some unidentifiable bone fragments occur in this middle unit. 
The upper unit is a narrow (30 cm) brown to light brown (2.5Y 3/2) silty clay unit. Root 
penetration and bioturbation have given the unit a crumbly texture. Some fine horizontal 
lamination is evident and the unit has a sharp horizontal contact with the underlying 
middle unit. 
All three units are interpreted as fluvial deposits having been deposited by what is now 
called Cooma Creek. At Site 4 the lowest unit, containing specimens of M acropus sp. cf. 
M. titan, is tentatively considered to be of Pleistocene age, probably Late Pleistocene, 
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being similar in texture, colour, extent of pedogenic alteration and degree of weathering 
of clasts to the Late Pleistocene Pilot Creek Formation. 
The middle unit is interpreted as being derived from fluvial flood plain alluviation, and to 
be of Holocene age based on similarities in sedimentary features to the dated Holocene 
unit, the Willow Bank Formation, at Pilot Creek. 
The upper unit is considered to be less than 100 years in age, having no pedogenic 
development and containing sheep remains and bits of glass. 
6.2.3. Tannery Creek 
Tannery Creek is a fluvially derived creek deposit on a small tributary of the 
Murrumbidgee River, 3.8 km north of Cooma along Mittagang Road (Figure 6.1). The 
locality comprises two major geomorphic units recognised on the surf ace as a high 
terrace of red fluvial sediments and a low terrace of black organic-rich fine sediments 
which is set into the side of the high terrace. Both units have been deeply incised down to 
the underlying basalt bedrock by what is now called Tannery Creek. 
Four longbone fragments were recovered from the base of the red unit in a silt lens 17 cm 
thick above a coarse sandy pebbly bed and below a 0.7 m thick gravel bed of large basalt 
clasts. A fifth bone fragment was recovered approximately 30 m downstream from the 
others in the same unit. All bone material (listed in Appendix Al) was recognisable as 
mammalian but could not be identified below class level. 
Both units overlie Tertiary basalt bedrock. An exposure of basalt some 100 m upstream 
of the site contains a compacted interflow gravel bed up to 1 m thick. The gravel is 
similar in lithological composition and spatial association to gravel beds described in the 
Pilot Creek valley from the upper reaches of Elderberry Creek at section V57 (Appendix 
C2), and although sedimentary in origin and therefore possibly containing Tertiary fossil 
remains, no bone material was found in either of these gravel deposits. 
Similarity in unit attributes (lithology, colour, sedimentary features, pedogenic alteration, 
surficial morphology) between the Tannery Creek red unit and the Pilot Creek Formation 
leads to a tentative lithocorrelation (Figure 6.3). Both units comprise well pedogenised, 
red coloured, thick sedimentary sequences dominated by basalt clasts and interchanging 
high and low energy fluvial facies. 
6.2.4. Rock Flat Creek 
The Rock Flat Creek locality is significant for this study because it is one of the few 
localities in the study area which has dated fossil mammal material. A radiocarbon date 
(ANU-8227) on the collagen fraction from a bone (human fibula) of 6060 ± 700 years 
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BP (Cohen, 1993; Feary et al., in prep.) has been obtained from the site. In addition, the 
site is important to this study because it is the first dated human occupation site in the 
study area. 
The locality includes an Aboriginal grave site in the southern bank of Rock Flat Creek, a 
tributary of the Murrumbidgee River (Figure 6.2d). It was initially excavated by the 
Cooma Police because of the presence of human remains. The human material includes 
two skeletons and has been examined by various archaeologists (Feary et al. in prep.). 
The faunal material from the site includes macropodid material comprising 8 mandibular 
rami of M. giganteus and M. rufogriseus; 326 pierced upper first incisors of M. 
giganteus, M. rufogriseus, and W. bicolor; 5 bone points made from fibulae of cf. M. 
giganteus; and 3 metatarsals from a species of macropodid. 
The stratigraphy at the site comprises four unconsolidated fl.uvial units. They overlie 
Miocene lake clay sediments of the Bunyan Formation found throughout the region 
(Taylor and Walker, 1986a,b) and are to the west of a very large alluvial fan (Figure 
6.2c ). The fan is truncated by the present creek and is some 200 m in width and 4 m in 
thickness. It has several buried soil horizons within it and for this reason, and because of 
the magnitude of the fan unit, it is considered to be at least of Late Pleistocene age, 
possibly much older, and to represent several phases of fan activation. 
At the base of the section at the burial site is a yellow (lOYR 6/4 dry) clayey sand unit 
occurring from 260- >300 cm depth. It has some pebble lenses but is predominantly 
medium-coarse sand with clay pellets. The overlying 50-100 cm is a transitional zone 
from the yellow unit into a grey carbonate-rich unit. The burial was in this transitional 
zone at 1-2 m depth. The grey (2.5YR 7/3) carbonate-rich unit has many vertical tubules 
of uniform size infilled with calcareous medium clays and many angular to well-rounded 
low-grade metamorphic clasts. Overlying and penetrating into the upper part of the grey 
unit is a massive but porous calcareous horizon. There is a sharp boundary to the upper 
30 cm of the section, a loam textured brown (2.5Y 5/3 (dry) unit containing some 
calcrete nodules. This unit is inferred to be very recent showing no pedologic 
development. 
The 6,060 ± 700 years BP date on bone buried in the grey clay unit midway up the 
sequence, indicates that that unit is at least 6 ka old. The grey unit has similar attributes to 
Holocene units in the region (e.g. Willow Bank Formation) including a dark colour, 
immature soil development, and low terrace surficial geomorphology. But it differs from 
units like the Willow Bank Formation in the presence and nature of calcretes, being 
heavily indurated with soft chalky calcrete nodules and having a thick hard calcrete 
capping. 
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6.2.S. Ryries Creek 
A large shaft of a femur of Diprotodon sp. (093013001), was collected in 1993 by two 
residents of Michelago from river gravels in Ryries Creek, an easterly tributary of the 
Murrumbidgee River (Figure 6.1). The femur was exposed on the surface of a large 
gravel bar on the northeast bank 2 m from the creek edge on the lowest river terrace. The 
collection site is approximately 250 m downstream from the railway bridge. The femur 
has both ends abraded suggesting it had been transported some distance. A search 
upstream of the site did not reveal a likely source. 
6.3. STRATIGRAPHIC SUMMARY 
The inf erred stratigraphic relationships between the Quaternary sedimentary units from 
six of the seven study localities are summarised in Figure 6.3. 
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Figure 6.3. Correlation chart for stratigraphic units in the study area. 
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Of these localities only Pilot Creek and Bunyan Siding have adequate age estimates for 
sedimentary units that enable them to be placed in not only relative but also absolute 
chronological order. The absolute stratigraphic position for the other minor sites is 
tentative. There are no available dates for Tannery Creek, Bulong, South Bunyan and 
Ryries Creek, while at Rock Flat Creek there is one date from an intrusive bone deposit 
(the burial). However, by lithocorrelation these undated units can be placed in a likely 
stratigraphic order. 
6.4. DISCUSSION: 
REGIONAL STRATIGRAPHIC CORRELATIONS 
Previously described Quaternary valley-fill sequences in the Southern Tablelands region 
are many (Figure 6.4), but few of these are well dated. For comparison with the newly 
described northern Monaro sequence the regional Quaternary sites are grouped into three 
main age classes: Late Pleistocene, Holocene, and Post-European Settlement. There are 
also some described pre- Late Pleistocene valley-fill units in the literature which are 
discussed. The units from the more significant sites are summarised in Table 6.1, with 
dated units indicated by an astrict. 
It is difficult to further refine these age classes given the lack of well dated sequences. 
Also, within the Holocene itself, it has been found that what appear to be identical 
lithostratigraphic units are often poorly synchronised such as at Wangrah Creek (Prosser, 
1988, 1990, 1991), Lanyon (Kellett, 1981; Chappell, 1991) and Wollombi Brook in the 
Hunter Valley (Erskin and Melville, 1995). Figure 6.5 (modified from Prosser, 1991, 
Fig. 5) shows the duration of depositional phases of a number of Holocene units in the 
Southern Tablelands with no clear evidence of synchronisation. An explanation given for 
the lack of synchronisation is that the mechanisms causing the fluctuations in phases of 
deposition and erosion are not necessarily regional mechanisms (such as climate, which 
in the late Holocene has been constant), but are more complex involving local 
geomorphic thresholds and/or human impact (Prosser, 1988; Erskin and Melville, 1995). 
For these reasons correlating lithostratigraphically similar units across the study area and 
surrounding region in terms other than general features and in broad time periods, has 
been avoided here. This differs from Taylor (in Lewis et al., 1994) who has attempted to 
subdivide the Holocene units further into four age classes (5000 to 3000, 2000 to 1000, 
1000 to 100, post-European). Within the Holocene these subdivisions do not appear to 
fit the published data or the evidence from this study (see Figure 6.5): units have been 
accumulating at different times throughout the Holocene. 
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Figure 6.4. Quaternary alluvial/colluvial sequences in the Southern Tablelands region. 
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6.4.1. Pre- Late Pleistocene Units 
Although there are many valley-fill sequences described from the region most have 
sedimentary units of Late Pleistocene or Holocene age. Some authors have described 
sedimentary units which are considered older than the limits of radiocarbon dating and 
even as old as the Tertiary, but have as yet not employed suitable dating techniques to 
establish just how old these units are, making correlation difficult. These units are 
generally at the base of sequences overlying bedrock, or high terrace units on valley 
margins, or perched gravel units well away from and above present channels or rivers. 
Some examples are: the Riversdale and Bredbo Pedoderms at the base of the sequence at 
Bredbo (Pillans, 1974, 1977); the Rob Roy Pedoderm at Lanyon, south of Canberra 
(Kellet, 1981); and un-named fossiliferous alluvial terrace deposits in the southern 
Monaro near Teapot Creek along the Maclaughlin River at 'Railway' and 'Chalk Pool' 
sites and at Jincumbilly (W.D.L. Ride pers comm., 1995). 
The oldest units found in the study area, those at Bunyan Siding and possibly at South 
Bunyan, are difficult to place in a regional context due to the absence of any other known 
Middle Pleistocene units. Further regional work, including more rigorous dating of these 
older units across the region, is required before meaningful correlations can be proposed 
for this time period. 
6.4.2. Late Pleistocene Units 
The Late Pleistocene units in the study area correlate with similar aged units in 
Quaternary valley-fill sequences described from across the region (see Table 6.1). 
Examples of units described by others as Late Pleistocene and which have radiocarbon 
dates include: the Bangalay Formation (21,830 ± 850 years BP) at Wangrah Creek 
(Prosser, 1988); the North Barney Fan and Fernhill Gully units (26,840 + 2800 - 2100; 
26,870 ± 900; > 21,400; > 15,600 years BP) at Lake George (Coventry and Walker, 
1977); the Grove unit(> 15,600) at Grove Creek (Walker and Coventry, 1976); and the 
Doongalla unit (27,040 years BP) also at Grove Creek (Chittleborough et al., 1984). 
These dated units have attributes similar to each other and to those of the Pilot Creek 
Formation, the Bulong dark-red unit and the Tannery Creek red unit, enabling tentative 
lithocorrelation (see Figure 6.3). 
The main attributes of Late Pleistocene units throughout the region are as follows: (i) they 
have similar geomorphology, often being described as high abandoned river or stream 
terraces on valley margins, or are at the base of sedimentary sequences; (ii) they 
frequently have mature, strongly differentiated soil profiles in their upper surfaces, 
variously referred to as red or yellow podsolic or earth soils (after Stace et al., 1968), 
high-contrast solum and extended subsolum profiles (Walker and Coventry, 1976), or 
Dr, Db, Dy, and Gn profiles (after Northcote, 1979); and (iii) they are highly oxidised 
units with red-coloured sediments often dominated by weathered basaltic clasts. 
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There are many other undated sequences in the region with lithologically similar units 
which authors have inferred to be of Late Pleistocene age. At Goorman Ponds Walker 
and Green (1976) described a sequence of five alluviaVcolluvial units, the oldest two 
units being the Spring Unit and Tara Unit (Table 6.1). Both units are high terraces 
positioned above the flood plain with well-developed red podsolic soils. By correlation 
with dated units in the region, Walker and Green (1976) estimated the Tara unit to be 
older than 30 ka and the Spring unit to post-date 30 ka. West of Canberra in the 
Molonglo Valley Van Dijk (1959) described alluvial terraces and colluvial deposits in five 
phases (Table 6.1), differentiated by degree of soil development and position in the 
landscape, the oldest phases being the Gundaroo, Pialligo and Kurrambene. 
In the southern Monaro at Teapot Creek, a sequence of terraces and colluvial deposits 
was described by Dansie (1992), together with contained fossil mammals. Dansie's 
Terrace 3 has no available dates but she proposed it to be similar to the Late Pleistocene 
Pilot Creek Formation, based on lithological and faunal comparisons. 
6.4.3. Holocene Units 
Holocene alluvial units in the region are recognisable, not only by radiocarbon dates 
between 10 ka and Present, but by certain geomorphic characteristics. They are often 
inset into older high · terraces and are positioned in the landscape as low or middle 
terraces. They have poorly developed soils on their surfaces reflecting their short period 
since accumulation. These soils are referred to by different authors by a variety of names 
including alluvial soils or minimal prairie soils (after Stace et al., 1968), cumulic and 
low-contrast solum profiles (Walker and Coventry, 1976), Uc and Um profiles (after 
Northcote, 1979), or swampy meadow units (Prosser, 1988, 1991). They are typically 
dark in colour, mildly to richly organic, bioturbated, lack minor sedimentary features, 
fairly massive in thickness, and are uniformly textured as sandy clay loams or sandy 
muds. 
One of the most extensively studied sedimentary sequences in the region is at Wangrah 
Creek where Holocene 'swampy meadow' deposits of the Wangrah Formation have been 
described representing at least three alluviation episodes (Prosser, 1989, 1991). The 
timing of deposition of the units, based on over 30 radiocarbon dates are: Swampy 
Meadow Units 3 and 4 (12.4 - 7.8 ka); Swampy Meadow Unit 2 (4.2 - 3.1 ka); and 
Swampy Meadow Unit 1 (2.9 - 0.8 ka) (Prosser, 1991) (see Figure 6.5). The units are 
typically massive, dark grey, mildly organic, highly bioturbated, and have a uniform fine 
sandy mud texture. Each depositional phase is separated by a phase of gully incision 
marked by observable erosional contacts. 
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Figure 6.5. Holocene episodes of deposition in valley-fill sequences in the Southern 
Tablelands region (modified from Prosser, 1991, Fig. 5). (a) Pilot Creek (this study); (b) Grove 
Creek (Coventry and Walker, 19n); (c) Lake George alluvial Fans (Coventry, 1976); (d) Lanyon 
alluvial fans (Mullins, 1985 in Prosser, 1991); (e) Wantabadgery (McConnell, 1979 in Prosser, 
1991); (f) Wullwye Creek (Costin, 1971); and (g) Wangrah Creek (Prosser, 1991). 
Other radiocarbon dated Holocene valley-fill units from across the region (Table 6.1) 
include: the Shingle House unit at Grove Creek near Lake George (Coventry, 1976; 
Coventry and Walker, 1977), with dates ranging from 3.1kato1.7 ka years BP; Terrace 
2 at Teapot Creek with two dates of 5,320 ± 80 and 4,950 ± 140 years BP (Dansie, 
1992); and numerous units around Lake George (see Table 6.1). 
Various authors have inferred other undated units to be Holocene, because of similar 
sedimentary attributes (see above). Examples are at Wulwye Creek near Berridale and 
along the Goodradigbee River in the Brindabella Range (Costin, 1971), in the Molonglo 
Valley as the Tharwa and Kambah phases (Van Dijk, 1959), and at Bredbo as the 
Wynola Pedoderm and Billilingara Pedoderm (Pillans, 1974). Chappell (1991) 
mentioned that a dated sequence analogous with the Holocene units at Wangrah Creek 
occurs at Lanyon, but the depositional phases are not synchronous with those at 
Wangrah Creek as reported by Prosser (1988). Chappell did not give details of the dates 
or units at Lanyon. However, Kellet (1981) in an earlier study of the Lanyon area 
described three alluvial units, the Big Monk, Gigerlie and Lanyon Pedoderms, which 
have characteristics of Holocene units. A low terrace unit (Bedulluck unit) and thin 
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uppermost flood plain unit (Glenesk unit) at Gooromon Ponds, were considered 
Holocene in age by Walker and Green (1976), because of their low position in the 
landscape and poor soil development, the former described as having a minimal yellow 
podsolic and the latter a dark bioturbated alluvial soil (Walker and Green, 1976). The 
Glenesk and Bedulluck units have subsequently been dated as 2.7 ka and 0.9 ka years 
BP (Chittleborough et al., 1984). 
Of the units described in this study, the Willow Bank Formation is sedimentologically 
and geomorphologically typical of these regional Holocene units, in particular the 
'swampy meadow' units at Wangrah Creek described by Prosser (1991) and observed 
by me. Radiocarbon dates further support this age estimate. At Rock Flat Creek the grey 
carbonate unit and transitional zones have features typical of the regional Holocene units, 
as have the un-named units at Bulong and Tannery Creek. 
6.4.4. Post-European Settlement Units 
Brown unmodified finely laminated surface deposits are found at most of the study 
localities. They frequently contain sheep or cattle bones supporting their young age 
estimate. At Bunyan Siding the unit is found on the surface between 0.0 and l.5N. At 
Pilot Creek the unit frequently overlies the Willow Bank Formation, occurring low in the 
landscape on the surface of the low terrace. At Rock Flat Creek the unit also occurs low 
in the landscape overlying the grey carbonate-rich unit 
Similar deposits throughout the region of relatively young age (i.e. last 100 years) are 
described at several localities: at Wangrah Creek as the Limekiln Formation (Prosser, 
1988), the Trawalla Unit and Wyoming Unit in Grove Creek (Coventry, 1976; Coventry 
and Walker, 1977); the Cow Flat Unit at Gooromon Ponds (Walker and Green, 1976); 
the Riversdale Pedoderm at Lan yon (Kellet, 1981 ); the Kings Cross Pedoderm and 
Murrumbidgee Pedoderm near Bredbo (Pillans, 1974); and Terrace 1 at Teapot Creek 
(Dansie, 1992). They are generally thin unpedogenised overbank or floodout deposits, 
either inset into or overlying low Holocene flood plain units, and have radiocarbon dates 
of less than 200 years BP and/or contain remains of sheep, cattle, bottles, nails etc. They 
have well-preserved sedimentary features and are referred to in soil terms as static stage 
profiles (Walker and Coventry, 1976), alluvial soils (after Stace et al., 1968), or Uc and 
Um profiles (after Northcote, 1979). At some sites hill-wash sheet deposits of poorly 
sorted colluvium and alluvial fans are attributed to this time period. 
6.4.5. Biocorrelations 
The proposed lithostratigraphic correlations can be tested by biocorrelations, utilising the 
fossil faunas found in the study area. In the past, dating of the non-fossiliferous regional 
valley-fill sequences has been restricted by the limitations of the dating methods. The 
northern Monaro sites have the advantage over these other regional sites because they 
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contain vertebrate faunas which in themselves can be used as an independent dating 
method. 
The Middle Pleistocene age estimate for the Jilliby Formation is supported by the taxa 
represented in the local fauna (see summary list Chapter 3.4, and Chapter 7 for full faunal 
descriptions). There are no species represented in the Jilliby LF which are known only from 
Pliocene deposits such as Protemnodon devisi, P. chinchillaensis and P. snewini, 
Macropus woodsi and M pan (see Tedford et al., 1992). There are several species which 
are extant such as Ornithorhynchus anatinus and Perameles gunnii, which are known 
from Late Pleistocene and Holocene fossil deposits (Woodburne et al, 1985; George et al., 
1990). Mastacomys juscus occurs in many Holocene fossil deposits (see Chapter 3.3.26 
for summary). The species also occurs with megafauna in probable Pleistocene deposits 
although many of these sites are not dated, such as in Cathedral Cavern, Wellington Caves 
(Augee et al., 1995) and Wombeyan Quarry (Hope, 1982a). Other extant species such as 
Dasyurus viverrinus, Vombatus ursinus and Aepyprymnus rufescens have long ranges 
extending through the Holocene and Pleistocene (Woodburne et al., 1985; Tedford, 1994). 
Features present in the Jilliby LF which are different from Late Pleistocene faunas include 
the occurrence of the new vombatiform, a new form of Macropus agilis, and several 
isolated unusual macropodid molars and incisors. Further morphological work is required 
to better understand the phylogenetic positions of these forms. 
The local fauna from the Pilot Creek Formation contains species found in many Late 
Pleistocene deposits across eastern Australia, supporting the age estimates based on 
lithocorrelations and radiocarbon dates. These include P. anak, P. roechuslbrehus, M 
titan, Thylacoleo carnifex, and Sarcophilus laniarius. Diprotodon is represented by a large 
lower incisor probably of D. optatum (see Chapter 3.3 .8) commonly found in Pleistocene 
deposits (Archer, 1984). There are no components which suggest a Pliocene/Early 
Pleistocene age. 
\ . 
The taxa represented by specimens from the Willow Bank Formation, QFl and QF2 units 
are extant species (excepting Thylacinus cynocephalus and Conilurus albipes, both of 
which are Holocene species) supporting the Holocene age estimates based on the 
radiocarbon dates and regional lithocorrelations. 
The faunas from the South Bunyan focality and Ryries Creek locality comprises too few 
taxa (only a molar and femur referred to Diprotodon sp.) to comment on the age estimates 
for these site. The Bulong red unit which is lithocorrelated with the Pilot Creek Formation 
has M titan in it which does further support the Late Pleistocene age estimate for that unit. 
The Tannery Creek LF comprises only mammalian bone fragments, of little use for 
biocorrelation. The Rock Flat Creek fossiliferous unit inferred to be Holocene contains 
taxa (M giganteus, M rufogriseus, and humans) which are Holocene. 
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6.5. CONCLUSIONS 
Given the limitations on preservation of units at the various fossil localities and the few 
available dates, the Quaternary sedimentary sequence for the region is fairly disjunct with 
no information for the period between 100 ka and around 25 ka. The sedimentary record 
at Pilot Creek from 25 ka to present is also patchy but several phases of deposition (25-
11 ka; 6-3 ka, around 4.5 ka, 2-0.1 ka, and 0.1 ka to present), surface stability (indicated 
by soil horizons) and erosion (between phases of deposition) are recognised. 
The five minor fossil localities (South Bunyan, Bulong, Tannery Creek, Rock Flat Creek 
and Ryries Creek) in conjunction with Pilot Creek, comprise units that tend to agree in 
lithological characteristics and relative chronology with the general Quaternary geological 
sequences described (Van Dijk, 1959; Walker and Green, 1976; Coventry and Walker, 
1977; Kellet, 1981; Prosser, 1991; Taylor, 1994; and others) for the region. Late 
Pleistocene units and Holocene units are now relatively easy to recognise in the field. 
·However, as more dating techniques are applied to units in the region the Quaternary 
history of alluviation, soil development, and landscape evolution should become clearer. 
\ 
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CHAPTER 7: THE NORTHERN MONARO FAUNAS 
7.1 INTRODUCTION 
The modern environmental setting of the northern Monaro region and its fauna are 
described in Chapters 1 and 2. The environment and fauna are the end products of a 
process of extended faunal evolution (including extinction) and changes in faunal 
composition which has been occurring across the northern Monaro region during the 
Quaternary. A summary of the palaeoenvironmental conditions during the Quaternary 
are also presented in Chapter 2 to provide an environmental background to the faunal 
changes observed. 
The fossil material from the seven study localities is described and the identifications of 
taxa presented in Chapter 3. 
The geology and local stratigraphy of each fossil site is described and placed in a 
regional context in Chapters 4, 5 and 6. 
In this chapter the _ faunas from the various sites are described, using the stratigraphy to 
define their spatial -and temporal limits. The reliability of their allocation to stratigraphic 
positions is assessed by taphonomic criteria. A faunal sequence is proposed, and by 
comparing faunas from the different sites to each other, several periods of faunal change 
through the Quaternary are identified. Possible environmental explanations for these 
changes are discussed. 
7.2. FAUNAL ASSEMBLAGES 
When -describing each fauna, in addition to the number of specimens recorded, the 
minimum number of individuals (MNI) has been estimated. MNI takes into 
consideration stage of molar wear and eruption and likelihood of pairing elements, not 
just the number of animals needed to account for the bone elements in the sample (see 
Allen and Guy, 1984). Examples are: one large left humerus and one small right 
humerus MNI = 2; a left dentary at a different stage of molar eruption to a right maxilla 
MNI = 2; and a left dentary and right maxilla at the same stage of wear ana molar 
eruption MNI = 1. 
7.2.1. Local Faunas from the Pilot Creek Valley 
Some 900 specimens have been recorded from the Pilot Creek valley (listed in Appendix 
A2) from 22 named fossil sites as well as some isolated specimens from un-named sites 
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(Figure 7.1). They can be grouped into local faunas (LF) as follows based on their 
stratigraphic position: 
(i) Pilot Creek LF comprising 106 specimens from the Pilot Creek Formation 
(includes specimens from 'Alex's Wall', 'Deep Pool', 'Lamby', 'Briar Bush', 'Edwins 
Corner', 'Double Dutch', 'Blue Tooth Corner', 'Rat Hole', 'Overhanging Post', 
'Waterfall', 'Diprotodon Peg', 'Lucky Red Robin', 'Plastic Bag', 'Lemon', 'Red BlufP 
sites, possibly 'Elderberry' site, and unnamed sites); 
(ii) Willow Bank LF comprising 9 specimens from the Willow Bank Formation 
(includes specimens from 'Mudslide', 'Acacia' and 'South Wall' sites, and some 
unnamed sites); 
(iii) QFl LF comprising 16 specimens from the QFl unit (includes specimens from 
'T-Site', and unnamed sites in same unit); 
(iv) QF2 LF comprising 760 specimens from the QF2 unit (includes specimens from 
'Poplars Site', and unnamed sites in same unit); 
( v) 4 specimens from the PESA unit; and 
(vi) 9 specimens of uncertain provenance. 
(i) Pilot Creek Local Fauna 
From the Pilot Creek Formation only 40 of the 106 specimens collected (i.e. all dental 
material and some postcranial) were able to be identified (see Chapter 3). The other 
specimens consist of mammalian remains lacking distinguishing characteristics. The taxa 
in the Pilot Creek LF and the minimum number of individuals represented are listed in 
Table 7.1. 
' Because of the complex stratigraphy within the Pilot Creek Formation, involving the 
recognition of at least four subunits (QPCl - QPC4, defined in Chapter 4) and the 
importance of assessing associations with radiocarbon dates, it is useful to divide the 
collection from the Pilot Creek Formation further into three subgroups. 
The first subgroup (A) comprises all fossils from collecting sites within the QPCl 
subunit within the Pilot Creek Formation. The sites are 'Alex's Wall', 'Deep Pool', 
'Lamby', 'Briar Bush', 'Edwins Corner', 'Double Dutch', and 'Blue Tooth Corner' (Figure 
7.1). These sites are clearly correlated with one another, being confined to the clay-rich 
QPCl subunit (Facies Fs) and overlain bythe well-bedded QPC2 subunit. 
The second subgroup (B) comprises all fossils from within the Pilot Creek Formation but 
outside the QPC 1 subunit (with the exception of 'Elderberry Site'). 
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Figure 7.1. Fossil sites in the Pilot Creek valley (for longitudinal cross sections 
showing sites see Figures 4. 7- 4.13 in Chapter 4 ). 
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The fossils are from 'Rat Hole', 'Overhanging Post', 'Waterfall', 'Diprotodon Peg' , 
'Lucky Red Robin', 'Plastic Bag', 'Lemon' and 'Red Bluff sites (Figure 7.1), and there 
are several isolated specimens from unnamed sites. The stratigraphic position of these 
specimens in relation to the four subunits is not obvious in the gully wall sections, but 
they are definitely within the Pilot Creek Formation, and therefore form part of the Pilot 
Creek Fauna. 
The third subgroup (C) comprising four specimens from 'Elderberry Site'. As described 
and discussed in Chapter 4 (Section 4.10.2) the sedimentology and relative stratigraphy 
at 'Elderberry Site' suggests it is part of the Pilot Creek Formation. Doubt on the 
association of the site to the Formation arises from one young radiocarbon date of 8,950 
± 410 years BP (see Chapter 4.10 and Section 7.3.1). 
PILOT CREEK LOCAL FAUNA 
Number Subgroups 
of Specimens MNI A B c 
Class Mammalia 
Family Dasyuridae 
Sarcophilus laniarius (1) 
Family Diprotodontidae 
Diprotodon optatum (1) 1 
Family Thylacoleonidae 
Thylacoleo carnifex 1 (1) 1 
Family Vombatidae 
Vombatus ursinus 4 (4) 1 1 2 
Family Macropodidae 
Sthenurus sp. ind et.• 1 (1) 1 
Protemnodon anak 1 (1) 1 
Protemnodon roechus/brehus 3 (3) 3 
Macropus titan 25 (19) 11 13 1 
Macropus robustus 3 (2) 1 2 
Total 40 (33) 
*D89092201, not included in Chapter 3, comprises articulated vertebrae of Sthenurus sp. 
Table 7.1. The Pilot Creek Local Fauna from the Late Pleistocene Pilot Creek Formation. 
(ii) Willow Bank Local Fauna 
Nine specimens have been collected from the QWBl subunit in the Willow Bank 
Formation, four of which are identifiable (Table 7.2). The specimens are isolated bone 
fragments and are found over a considerable distance of the central part of the valley; at 
'Mudslide', 'Acacia', and 'South Wall' sites (Figure 7.1) and several un-named 
localities. No specimens have been found, yet, in the broad palaeochannel deposits of the 
QWB2 subunit exposed in Haystack Creek and the upper reaches of Thylacine Creek, or 
in the large exposures of QWB 1 in the gully walls downstream from the Poplars Datum. 
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WILLOW BANK LOCAL FAUNA 
Taxa Number of MNI 
Specimens 
Class Mammalia 
Family Vombatidae 
Vombatus ursinus 2 2 
Family Macropodidae 
Macropus rufogriseus 2 
Total 4 3 
Table 7.2. The Willow Bank Local Fauna, from the Willow Bank Formation, Pilot Creek. 
(iii) QFl Local Fauna 
Sixteen fossils have been collected from the QFl unit along Thylacine Creek, and their 
position recorded in relation to the 'Thylacine' datum. The majority of specimens are 
from 'T-Site', with an additional four specimens collected from the same bed, but to the 
east of the datum post. Identifiable specimens are listed in Table 7.3. 
QF1 LOCAL FAUNA 
Tax a Number of MNI 
Specimens 
Class Mammalia 
Family Thylacinidae 
Thylacinus cynocephalus 1 1 
Family Peramelidae 
Perameles nasuta 1 1 
Family Potoroidae 
Aepyprymnus rufescens 2 2 
Family Macropodidae 
Macropus giganteus 4 3 
Class Aves 
Family Dromaiidae 
Dromaius novaehollandiae 1 1 
Total 9 8 
Table 7.3. The QF1 Local Fauna from the Pilot Creek valley. 
(iv) QF2 Local Fauna 
The QF2 LF represents the most diverse and largest concentration of bones in the Pilot 
Creek valley, with almost 7(:1.) specimens collected from 'Poplars Site', an area of some 3 
x 3 x 12 metres (see Figure 4.16d and Appendix E for excavation details from Davis, 
1989). Identifiable specimens are listed in Table 7.4. 
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QF2 LOCAL FAUNA 
Tax a Number of MNI 
Specimens 
Class Marrrnalia 
Family Dasyuridae 
Dasyurus viverrinus 2 2 
Family Peramelidae 
lsoodon obesulus 2 2 
Perameles gunnii 3 2 
Perameles nasuta 2 2 
Perameles sp. indet 6 
Family Vombatidae 
Vombatus ursinus 4 3 
Family Potoroidae 
Aepyprymnus rufescens 4 4 
Family Macropodidae 
Macropus giganteus 10 8 
Macropus rufogriseus 1 1 
Family Muridae 
Conilurus albipes 1 1 
Mastacomys fuscus 2 1 
Rattus lutreolus 3 2 
Rattus fuscipes 2 2 
Pseudomys sp. 2 2 
Pseudomys fumeus 1 1 
Class Aves 
Family Rallidae 
Gallinula mortierii 7 2 
Family Cracticidae 
Gymnorhina tibicen 2 1 
Family Dromaidae 
Dromaius novaehollandiae 7 1 
Class Reptilia 
Family Scinidae 
lizard, sp. indet. 2 1 
Class Amphibia 
frog, sp. indet. 2 1 
Total 65 39 
Table 7.4. The Holocene QF2 Local Fauna, Pilot Creek valley. 
(v) Post-European Settlement Specimens 
Sheep and cattle bones have been found in the Pilot Creek valley in the PESA unit and 
also in recently formed benches along the present creek. 
(vi) Uncertain Provenance 
Nine specimens from the valley cannot be placed with certainty into a defined 
stratigraphic unit. These specimens are not identifiable other than being mammalian and 
do not affect the current faunal assemblages. 
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7 .2.2. Local Faunas from the Bunyan Siding Locality 
Over 1000 fossil specimens have been collected from the Bunyan Siding locality. The 
majority have been found in the Jilliby Formation with only a few specimens found in the 
Nestle Brae Formation. The Jilliby LF contains 73 identifiable specimens (there are 442 
specimens listed in Appendix A3, some registered under the one number include bags of 
many (10-50) bone fragments making the total number of specimens considerably 
higher). Table 7.5 lists the taxa represented in the Jilliby LF. 
JILLIBY LOCAL FAUNA 
Tax on Number of MNI 
Specimens 
Class Mammalia 
Family Ornithorhynchidae 
Omithorhynchus anatinus 2 1 
Family Dasyuridae 
Dasyurus viverrinus 1 
Family Peramelidae 
Perameles gunnii 1 
Perame/es sp. indet. 1 
Family Diprotodontidae 
Diprotodon sp. 1 1 
cf. Zygomaturus trilobus 1 1 
Family Vombatidae 
Vombatus ursinus 11 3 
Vombatid, gen. et sp. indet. 1 1 
Family Potoroinae 
Aepyprymnus rufescens 3 3 
Family Macropodidae 
Sthenurus atlas 3 1 
Procoptodon rapha 1 1 
Protemnodon anak 5 2 
Protemnodon roechus/brehus 1 1 
Macropus titan 3 3 
Macropus sp. aff. M. giganteus 6 3 
Macropus agilis ngarigo 17 9 
-
Famny Murinae 
Mastacomys fuscus 1 1 
Pseudomys sp. 1 1 
Class Reptilia 
Family Varanidae 
genus and species indet. 1 1 
Family Elapidae 
genus and species indet. 3 1 
Class Amphibia 
Family Hylidae 
Litoria citropa 4 2 
Family Leptodactylidae 
Limnodynastes peronii 2 1 
Class Osteichthyes 
fish, sp. indet. 3 1 
Total 73 41 
Table 7.5. Jilliby Local Fauna, Bunyan Siding. 
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The Nestle Brae Formation, overlying the Jilliby Formation, contains only four 
identifiable specimens. They are listed in Table 7 .6 (five other specimens are small white 
bone fragments). The Nestle Brae LF includes a partially articulated skeleton 
(D9 l 022314) and a small molar (D3022801) of V. ursinus, a pair of mandibular rami of 
D. viverrinus (D91091901), and a small reptilian vertebra (D93041208). 
NESTLE BRAE LOCAL FAUNA 
Taxa Number of MNI 
Specimens 
Class Mammalia 
Class Reptilia 
Dasyurus viverrinus 
Vombatus ursinus 
genus and species indet. 
1 
2 
Total 4 
Table 7.6. The Nestle Brae Local Fauna, Bunyan Siding. 
7.2.3. Local Faunas from the Five Minor Localities 
1 
2 
1 
4 
The local fauna from Rock Flat Creek (Table 7.7) includes species represented by a 
collection of Aboriginal grave goods found in a burial site set into a Holocene fluvial 
deposit (for stratigraphy see Chapter 6.3.3). The macropodine rami listed are described 
in Chapter 3. A collection of 326 upper first incisors representing at least three species 
were also found in the deposit and are described by Cohen (1993) and Feary et al. (in 
prep.). 
ROCK FLAT CREEK LOCAL FAUNA 
Tax a Number of MNI 
'\ Specimens 
Family Macropodidae 
Macropus giganteus (rami) 5 3 
Macropus rufogriseus (rami) 3 3 
Macropus giganteus (11) 25 14 
Macropus rufogriseus ( 11) 230 115 
Wallabia bicolor (11) 39 20 
Macropodine indet. (11) 32 
Table 7.7. The Rock Flat Creek Local Fauna, northern Monaro region. 
286 
Chapter 7: Northern Monaro Faunas 
Local faunas from South Bunyan, Ryries Creek, Bulong and Tannery Creek (Table 7.8) 
are small and include the following: a number of bone fragments and a large molar of 
Diprotodon sp. from South Bunyan; a femur of Diprotodon sp. from Ryries Creek; a 
humerus, rib and lower incisor of M titan from Bulong; and unidentifiable bone 
fragments from Tannery Creek. 
Taxa 
LOCAL FAUNAS FROM MINOR LOCALITIES 
Number of 
Specimens 
South Bunyan 
Family Diprotodontidae 
Diprotodon sp. 
Ryries Creek 
Bu long 
Family Diprotodontidae 
Diprotodon sp. 
Family Macropodidae 
Macropus titan 
Tannery Creek 
Class Mammalia 
gen. et sp. indet. 
1 
3 
5 
MNI 
1 
1 
1 
Table 7.8. The local faunas from South Bunyan, Bulong, Tannery Creek and Ryries Creek. 
7 .2.4. Summary of Local Faunas 
The number of species in each vertebrate class represented in the local faunas are 
summarised in Table 7.9. 
The most diverse local faunas with the greatest number of species are the QF2 LF with 
19 species (Table 7.4) and the Jilliby LF with 22 species (Table 7.5), with species 
representing the five classes of vertebrate ani_mals. Marsupials are by far the most 
commonly reprisented subclass of mammals in all local faunas (Table 7.9). There is only 
one monotreme, Omithorhynchus anatinus, which occurs in the Jilliby LF. This is a rare 
occurrence, this find being the second only Pleistocene 0. anatinus recorded in New 
South Wales (Grant, 1992). Birds are absent from most local faunas occurring only in 
the Pilot Creek QFl and QF2 LF's. The QF2 LF and Jilliby LF contain the only 
amphibian specimens. Reptilian specimens are also rare. 
Within the samples of marsupials from the faunas the most frequently represented Family 
is the Macropodidae. Macropodids making up 56 % of the total number of species in the 
Pilot Creek LF (Table 7.1) and 50 % of the Jilliby LF (Table 7.5). The Rock Flat Creek 
LF co~prises only species of macropodids (Table 7.7). However, this local fauna is 
biased by human intervention at the time of accumulation and inferences of species 
abundance cannot realistically be made. 
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MAMMALS BIRDS REPTILES AMPHIBIANS FISH 
Marsupialia Monotremata Eutheria 
LOCAL FAUNA 
Pilot Creek 9 
Willow Bank 2 
QF1 4 1 
QF2 8 6 3 1 1 
Jilliby 14 1 2 2 2 1 
Nestle Brae 2 1 
Rock Flat Creek 3 
South Bunyan 1 
Bulong 1 
Ryries Creek 1 
Tannery Creek ?1 
Table 7.9. Number of species in each vertebrate class represented in local faunas from the 
northern Monaro region. 
At the species level, in the Pilot Creek LF M titan is the most commonly found species 
(58 % of total MNI) followed by V. ursinus (12 % of total MNI). Both the QFl LF and 
QF2 LF have more M giganteus (37 % and 23 % respectively) than any other species, 
followed by A. rufescens (25 % and 10 % respectively). In the Jilliby LF M agilis 
ngarigo is the most frequently represented species (22 % ) followed by M titan, V. 
ursinus, and A. rufescens (all 7 %). 
Many of the species listed in the local faunas (Tables 7.1-7.8) are represented by only 
one or two specimens. For example, in the Jilli by LF 10 out of the 17 mammalian 
species are represented by one specimen (Table 7.5). In contrast, in the same assemblage 
there are at least 17 specimens referred to M r;zgilis ngarigo. This raises two questions: 
(i) How representative are the local faunas of the vertebrate communities they are 
from? and 
(ii) How real are the observed faunal differences, which ultimately indicate faunal 
change? 
To make meaningful comparisons between the local faunas, an assessment has to be 
made as to whether they are similar in degree of faunal representation. Although the 
number of variables created by spatial differences between localities are reduced because 
the samples are from the one area (and at Pilot Creek from the one valley sequence), and 
although all the sedimentary units are fluvial in origin, each fossil site has a different 
taphonomic history. Before making faunal comparisons and describing faunal changes 
these two questions need to be examined in some detail, together with several inherent 
assumptions. 
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7.3. SECURITY OF FAUNAS 
Grouping the specimens into fauna! assemblages based on their stratigraphic position (as 
has been done in Section 7 .2) requires several assumptions: 
(i) that the associations between the specimens and their host-unit are strong; 
(ii) that there has been no subsequent reworking of the deposit; and 
(iii) that the specimens and host-units are contemporary. 
If fauna! differences are to indicate fauna! change it is further assumed that the samples 
are representative of the vertebrate communities and are not heavily biased. By 
understanding the biases an assessment can be made as to whether species absence and 
presence as indicated in the fauna! assemblages (listed in Tables 7 .1-7 .8) are realistic. 
Possible ways in which biases can be introduced into a fossil sample are many (see 
Lyman, 1994). Factors considered likely to have had some effect on some parts of the 
samples used in this study, include: 
(i) the agent responsible for the initial bone accumulation (includes biological and 
physical); 
(ii) unequal vulnerability of different species (e.g. arboreal species living in nearby 
woodlands are unlikely to be incorporated into flood plain overbank deposits); and 
(iii) sampling techniques at the time of collection. 
It is tempting to assume that species absence from a fauna! assemblage means that the 
species concerned is no longer in the region. Because of the patchy nature of fossil 
deposits this is a dangerous assumption. However, when comparisons are made with as 
many other sites as possible that show a similar species presence/absence pattern, the 
danger of erroneously concluding adsence becomes less. Furthermore, when a species 
(or suite of species) occupying a particular ecological niche in one fauna is replaced in a 
subsequent fauna, then the (inferred) filling of its ecological niche in the subsequent 
fauna provides additional support for a real absence. 
The assumptions and issues mentioned above are now examined for the local faunas 
listed in Section 7.2 from the dated sequences at Pilot Creek, Bunyan Siding and Rock 
Flat Creek. The local faunas from the other localities (South Bunyan, Bulong, Tannery 
Creek and Ryries Creek) are small and undated, relying instead on lithocorrelations for 
stratigraphic placement. Therefore, they are not used in the faunal sequence (Section 
7.4). These local faunas do, however, contribute information about distributions in space 
(rather than time) for the few species represented. 
Recommendations for reducing biases and improving the integrity of the fauna! sequence 
are discussed in Section 7.3.4. It should be noted that the aim here is not to reconstruct 
palaeocommunities or to carry out a complete taphonomic analyses. It is to use certain 
aspects of taphonomy to help address the above questions and assumptions. 
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7.3.1. Assessment of Bone-Unit-Date Associations 
In vertebrate fossil sites such as Lancefield Swamp (Van Huet, 1993) and Spring Creek 
(White and Flannery, 1995) where the bone-unit-date associations have been re-
examined, it is now thought that reworking has played a major role. The detection of 
accumulations from older bone beds has led to a reassessment of previous interpretations 
of bone-unit-date associations (Gillespie et al., 1978; Flannery and Gott, 1984), with 
significant consequences for discussions on the timing of the extinction of the megaf auna 
(Baynes, 1992, 1995). 
Here, the assumptions that the associations between the specimens from the study sites 
and their host-units are strong, that there has been no subsequent reworking of the 
deposit, and that the bones and host-units are contemporary, are examined. 
Pilot Creek Local Fauna 
The distribution of bone in the Pilot Creek Formation is concentrated around gully wall 
exposures in the central part of the valley. Just under half of the specimens have been 
collected from the QPCl subunit, with the remainder being scattered through the 
Formation. Some concentrations of bone are spread along bedding surfaces (e.g. Deep 
Pool Site, Figure 7.2a), but most comprise only a few seemingly randomly distributed 
specimens per site. 
Of the specimens from the QPCl subunit (subgroup A) six specimens comprise two or 
more associated bone elements in semi-articulation: a half- skeleton (092020113) of cf. 
M. titan (part shown in Figure 7.2b), 5 caudal vertebrae (089092201) of Sthenurus sp., 
3 groups of associated podials (048802, 048805, 089092601) of cf. M. titan, and a pair 
of mandibular rami (090030308) of M. titan. There are three specimens in subgroup B 
(091080411; 095042106; 090030305) which are semi-articulated. All these bone 
associations provide evidence that the deposits have not been reworked since their 
original burial, otherwise their association of elements would have been lost. Thus, their 
association with the Pilot Creek Formation is undisputed. 
The remainder of the specimens are not articulated. They could have been disassociated 
and fragmented by transportation within the fluvial system during their initial burial. The 
possibility that these bones were reworked from older deposits cannot be excluded. 
Much of the bone damage can be attributed to recent weathering processes when 
specimens becomes exposed at the gully-wall surface. The condition of the bones is 
generally poor with bone being fragmented, soft and often decomposed leaving only 
teeth in place. Isolated teeth are commonly found, most having a distinctive blue-
coloured mineralisation (e.g. see Figure 7.2c). Three specimens (048804, 2 ribs and a 
vertebra of 092020113, and 093032102) have bite marks (see Section 7.3.2 and 
Appendix Fl). Several bones show pathological deformities (see Appendix F2), and one 
bone from 'Blue Tooth Comer' is burnt (see Appendix F3). 
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(A) 'Deep Pool Site', red tags mark bone bed. 
(C) M. titan palate, 090120906 at 'Briar Bush Site' 
showing typical Pilot Creek LF preservation. 
Figure 7.2. Pilot Creek Fossils 
(B) Part of 092020113 showing associated vertebrae. 
(D) 'East Deep Pool Site' showing charcoal peds 
dated at 25, 180 ± 330 years BP. 
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The relationship between the specimens in subgroup A and the two radiocarbon dates of 
25,460 ± 810 years BP (ANU-8372 from 'Lamby Site') and 25,180 ± 330 years BP 
(BETA-18297 from 'East Deep Pool') on opposite banks some 30 m upstream of Main 
Datum in the QPCl subunit is considered strong. Figure 7 .2a shows a line of fossils at 
'Deep Pool Site' which are interspersed with large charcoal particles. The charcoal bed is 
traceable along both sides of the gully walls passing through 'Lamby', Deep Pool' and 
'Alex's Wall' on the west bank and through 'East Deep Pool' on the east bank (Figure 
7 .2d). The articulated caudal vertebrae (D89092201) and pair of rami (D90030308) were 
located at 'Deep Pool Site'. The reliability of the dates themselves is discussed in Chapter 
4.10.1. 
The four specimens from 'Elderberry Site' (subgroup C of the Pilot Creek LF) are 
problematical. In Chapter 4 (Section 4.10.2) the sedimentology and relative stratigraphy 
at 'Elderberry Site' suggests it is part of the Pilot Creek Formation. However, doubt on 
the association of the site to the Formation arises from one young radiocarbon date of 
8,950 ± 410 years BP. The specimens include a fragmented longbone, left ramus of M. 
titan, maxilla of V. ursinus, and on the opposite bank (west) a tooth row of V. ursinus. 
They are not articulated and could, therefore, have been reworked from an older deposit 
such as the Pilot Creek Formation. The toothed specimens have the characteristic blue 
mineralisation of specimens elsewhere in the Pilot Creek Formation, further supporting 
association with that unit, rather than a Holocene age as is suggested by the radiocarbon 
date. Also the pollen sample processed from the site represents a grassland flora with an 
abundance of daisy and grass pollens and no trees, similar to the flora from 'Double 
Dutch' and 'Lamby' sites in the Pilot Creek Formation (see Appendix D), but not that of 
the Holocene (see Section 2.5.4). 
Willow Bank Local Fauna 
The association between the Holocene radiocarbon dates and the Willow Bank Formation 
is considered reliable (as discussed in Chapter 4.10.2). On the other hand, the 
association between the specimens and the unit is difficult to assess. The specimens 
collected from the Willow Bank Formation are few, and are distributed unevenly within 
the unit. They are single bone elements, often represented by only a fragment, and are 
typically a light brown colour, with a flaky preservation, differing from the preservation 
of specimens from the Pilot Creek Formation. 
The depositional environment of the Willow Bank Formation, inferred to be a low 
energy, slowly accumulating, well-vegetated, 'swampy meadow' environment (see 
Chapter 4.8.2), may account for the sparsity of specimens. It is interesting to note that 
although this type of facies is very common across the region (see Holocene units in 
Chapter 6.4.3) there are very few, if any fossils found within them. 
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QFJ Local Fauna 
The distribution of bones in the QFl unit includes three incomplete semi-articulated 
skeletons (T. cynocephalus - D48763; M. giganteus - D48773; and A. rufescens -
D90072201) and several isolated bone fragments (e.g. the distal end of a tarsometatarsus 
of D. novaehollandiae - D48782, and the maxilla of P. nasuta - D48783). The skeletons 
were found together at 'T-Site' and were from the same stratigraphic horizon as the 
charcoal sample (BETA-32682) dated at 11,660 ± 115 years BP. Although the 
association between the date and the specimens is good the reliability of the date itself 
remains uncertain due to it being a small sample and from a calcrete rich zone (see 
Chapter 4.10.3). 
The condition of the bones and teeth is quite different from those from the Late 
Pleistocene Pilot Creek Fauna and support the younger age estimate for the unit based on 
the radiocarbon date. Specimens are light-weight, brittle, chalky white with considerable 
surface etching by roots, and teeth are only slightly discoloured. Some bones in the 
calcrete horizon along the unit are partially cemented together with calcrete. 
QF2 Local Fauna 
Most of the QF2 LF comes from the 'Poplars Site'. There are several fully articulated 
specimens (e.g. Pseudomys sp. - D48700), some groups of two or three associated limb 
elements (e.g. D48762), but mostly single, complete bone elements. There is very little 
evidence of breakage or other forms of modification. The specimens have a white, chalky 
preservation similar to bones in the QFl LF, supporting the young (Holocene) age 
estimate for the site. There is no preferred orientation of bones within the site and there is 
a lack of sorting and high degree of mixing of both large and small individuals (Davis, 
1989; Appendix E). 
The matrix supporting the bone deposit has patches of charcoal particles throughout 
which have been radiocarbon dated giving three dates grouping around 4.5 ka (see 
Chapter 4.10.3). The charcoal is amongst the bone indicating good bone-date 
association. The bones themselves are not considered to be reworked because of the 
frequency of articulated specimens, the fragility of preserved skulls, the completeness of 
elements and absence of bone modification. It is thought the bones may have 
accumulated by eagles feeding above the bone accumulation (Appendix E). 
Jilliby Local Fauna 
From the three trench excavations at 0.5S, 8.5S and 11.0S (see Chapter 5.3.3 for 
excavation details) it has been established that bone occurs in most beds within the Jilliby 
Formation (see Table 7 .9 below). Fossils have been found amongst the coarse gravel 
clasts of the basal channel lag deposit (facies G), in the overlying sand beds (facies Sc), 
in the medium-fine sand and clay beds (facies Flg, Sm), the bioturbated bed (facies Sb), 
and the thick clay bed at the top of the sequence (facies Fm). 
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Trench 0.5S Trench 8.5S Trench 11.0S 
depth (cm) fac:ies fossils unit facles fossils unit facles foulla 
0-20 Nestle Brae 0 
20-40 2 Layer1 Fm 7 Bed 1A Fm 3 
40-60 0 Bed 1B Sm 3 
60-80 0 Bed 2 Sm/Fig 2 
80-100 0 Burrow (Nestle Brae) 1 Bed 3 Sm/Fig 2 
100-120 Sm/Fig 4 Layer 2 Fig 4 Bed 4A Fig 3 
120-140 Sm/Fig 2 Bed 4B Sb 2 
140-160 Sm/Fig 2 Bed 5 Sm/Fig 1 
160-180 Sc 3 Bed 6,7,8 Sm/Fig 2 
180-190 G 0 Layer 3 Sm/Fig 2 Bed 9 Sc 4 
Layer4 G/Sc 5 Bed 10 G 8 
Table 7.10. Summary of numbers of fossils recovered from three trenches at Bunyan Siding. 
Two specimens were found in articulation: tibiae and fibulae (048943) of a small 
macropodid and a pair oframi (092052401) of Macropus sp. aff. M. giganteus. There is 
a significantly high proportion of very fragmented bone (88% of the total Jilliby sample; 
see Table 7.11) and 23% of specimens have bite marks on them (a discussion on the 
causes of the fragmentation and bite marks is given in Section 7.3.2). The vast majority 
of specimens have very angular edges and finely detailed 'bite' marks which could not be 
preserved had the born~ been transported. The presence of the two articulated specimens, 
provides further evidence the deposit has not been reworked. There are three specimens 
which have smoothed surfaces and rounded edges (090121712, 090121506, 
091010&>1) suggesting they may have been transported and abraded by sediments. They 
are similar to bones subjected to tumbling experiments using sand and water described by 
Shipman and Rose ( 1983). 
Category Score Percentage of Total 
(1) Articulated 2 0.2% 
(2) Complete 41 3.2% 
(3) Partially Fragmented 105 8.3% 
(4) Very Fragmented 1120+ 88.3 % 
Total 1268+ 
Table 7.11. Estimates of degree of fragmentation of specimens from the Jilliby Formation. 
Categories are defined as follows: 
(1) 2 or more associated complete bone elements; 
(2) 80-100 % of one element; 
(3) 20-80 % of one element, includes isolated teeth; 
(4) < 20 % of one element, includes bone chips and fragments of teeth. 
Note: only pre-burial fragmentation is scored (any fragmentation occurring during collection is 
easily recognisable as fresh clean dark-coloured surfaces). 
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Variation in colour of bone in the collection from the Jilliby Formation was initially 
thought to indicate the deposit comprised material of mixed ages. This is now not 
believed to be the case. X-ray diffraction (XRD) of the mineralogy of black and brown 
bone samples showed that the dominant mineral in both samples was fluroapitite and 
there was only slight variations in mineralogy but nothing significant (see Appendix C4 
for XRD results). When data on the position of individual bones was considered it was 
found that white bones had only been found as exposed bone on the surface and in the 
scree. The distal end of a metatarsal (D48914) found protruding from the surface of the 
site was white, while the buried portion of the same bone was the more commonly found 
red-brown colour, indicating that the white discolouration is due to bleaching and 
weathering (048914 is shown in Figure 7.3H). Black bones were found only in the 
lower part of the sequence (e.g. beds 6-10 in Trench 11.0S). At this level manganese and 
iron oxide banding occurs in the sand and gravel facies (see Chapter 5.7.3: mineral 
staining), inferring that bones in these layers are being locally preferentially mineralised 
by these oxides. 
Nestle Brae Local Fauna 
The association between bone and host-unit is not always straight forward when there is 
bioturbation (including burrows). A fossil burrow has been recognised in the Jilliby 
Formation which is infilled with sediments of the overlying Nestle Brae Formation 
(described in Chapter 5.7). The burrow contained a skeleton of V. ursinus and this has 
been referred to the Nestle Brae LF rather than the Jilliby LF on the grounds of continuity 
and similarity of the matrix within the burrow to the rest of the Nestle Brae unit 
Rock Flat Creek Local Fauna 
The Aboriginal burial site at Rock Flat Creek has been inset into an existing sedimentary 
unit and infilled with similar sediment, thus making the deposit seem associated with the 
surrounding unit. However, from the variety of grave goods (ochre, grinding stones, 
modified macropodine teeth and fibula) with the two human skeletons, the deposit is 
obviously a burial site and therefore intrusive and younger than the surrounding unit 
7.3.2. Assessment of Bias from Modes of Accumulation 
The question as to whether there is proportional representation of species in the faunas 
listed in Section 7 .2 is further complicated by the problems of bias introduced by the 
mode of bone accumulation. As Baird (1991) points out 'all accumulators of vertebrate 
bone are biased, with some exercising a more extreme bias than others' (p. 268). 
Pilot Creek Local Fauna and Willow Bank Local Fauna 
From observations of the distribution of bone and preservation condition (described 
above) it is inferred that most of the bones in the collection from the Pilot Creek 
Formation and Willow Bank Formation have probably accumulated by fluvial processes 
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on the flood plain and in water courses, similar to the taphonomic pathways described by 
Behrensmeyer (1982, fig. 4) and Smith (1993, fig. 21, paths 1 and 6) for fluvial 
deposits. From modern studies of naturally accumulated mammalian remains on African 
plains Behrensmeyer (1981) found a bias toward preservation of large animals. Although 
animals (large and small) would have been dying on the flood plains along the Pilot 
Creek valley (excepting species not living in the valley in the first place, and those not 
drawn to the water to drink), there is a probable bias in the faunal assemblages toward 
larger species. Tables 7.1 and 7.2 comprise only large species. 
Only three of the specimens from the Pilot Creek valley (all from the Pilot Creek 
Formation) have marks on them (apart from pathological deformities; see Appendix F) 
which are inferred to be caused by some type of small carnivore, probably Sarcophilus 
laniarius (which is present in the fauna). Specimen D92020113-16 (Figure 7.3A, Band 
C) from 'Double Dutch' has two marks on the same bone on opposite sides which are 
most likely to have been produced by opposing jaws. Direct comparisons with specimens 
obtained from a feeding trial carried out in this study (see Appendix F for details) and a 
similar trial by Sobbe (1990) both with Sarcophilus harrisii show many morphological 
similarities (e.g. see QMJM6532 in Figure 7.3D). Although there is evidence to suggest 
carnivores were in contact with some bones at the site, and there is therefore probably a 
bias toward prey items, it is not apparent from the sample. 
QF 1 Local Fauna 
The majority of 'T-Site' was excavated in 1982 before this study. I made no personal 
observations at the time, and am therefore unable to comment on the modes of bone 
accumulation without having primary observations. I. Davis (pers. comm., 1990) says 
the Thylacine skeleton was definitely articulated when first discovered. 
QF2 Local Fauna 
Observations were made regarding the arrangement of bones (partial articulation), their 
mixed size and good condition, the age of individuals (abundance of young animals), and 
species represented during a study of the 'Poplars Site' (Davis, 1989; see extract in 
Appendix E). A possible explanation of the accumulation is that it consists of discarded 
food material from large birds of prey such as Aquila audax (Wedge-tailed Eagles) as is 
common under eagles nests. If this is the case then the species represented in the QF2 LF 
are biased toward only those preyed upon by the eagles (Starker-Leopold and Wolfe, 
1969). There is a noted absence of arboreal species represented (except Gymnorhina 
tibicen) and an absence of larger individuals in the QF2 LF (Table 7.4). 
Jilliby Fauna 
The bones in the collection from the Jilliby Formation show a number of types of 
modification including several types of marks and breakage patterns (Figures 7.3, 7.4, 
and 7.5). 
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Figure 7.3. Pilot Creek marks: (A) Specimen 092020113-16 in dorsal view, (B) ventral view, 
and (C) close up of B. (D) Specimen QMJM6532 from feeding trial by Sobbe (1990). 
Examples of Bunyan Siding Type 1 marks: (E) Specimen 091011233 ; (F) Specimen 
048910 .5 showing Type 1 and root etching; (G) 091022321 showing paired notches and 
notch at end; (H) 048914 showing notch and preferential discolouration due to weathering . . 
Scale bars = 5 mm. 
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Twenty three percent of the specimens have distinctive marks on them, ranging in form 
from pits and scratches, blade-like impressions, crescent-shaped marks, rounded 
punctures, large V-shaped notches, and multiple small striations. 
The marks can be grouped into three types: Type 1 being large V-shaped marks broader 
than 4 mm (e.g. Figure 7.3E-H); Type 2 being small marks in the range less than 2 mm 
in diameter but greater than 0.5 mm (e.g. Figure 7.4A-I); and Type 3 being multiple 
small narrow striations (Figure 7.5AB). All these marks differ from marks accidentally 
caused during excavation, which are readily distinguishable by having clean surfaces of a 
different colour. 
Type 1 marks are from 4.0 mm to 6.5 mm across at their widest point. They range in 
length from 5 mm (091022316) to 30.2 mm (048914, Figure 7.3H) depending on the 
length of the bone. Most of the notches are on the ends of the bone (e.g. see Figures 
7.3F, 0 and H). The depth ranges from 1mmto14 mm depending on the thickness of 
the bone, the notch always going right through it. On two specimens the notches are in 
pairs spaced apart by 12 mm (091011233; Figure 7.3E) and 20 mm (091022321; Figure 
7.30). 
Type 2 marks are much smaller and comprise pits and scratches (e.g. Figure 7.4H), 
blade-like impressions (e.g. Figure 7.4C and 0), crescent-shaped marks (e.g. Figure 
7.4H), very shallow scratches (e.g. 090120213, not figured) and rounded punctures 
(e.g. Figure 7.5A) as defined by Sobbe (1990). One specimen has a series of 'chatter' 
marks in an arc (090122807, Figure 7.4A), not previously described or seen on any 
comparative material. Another specimen has a deep rounded puncture mark with a tail 
(091011911, Figure 7.4F). The scratches range in length from 4-13 mm. Puncture 
marks are 3-4 mm in diameter. The Type 2 marks are often all around the ends of bones 
and many are on opposing sides of the same bone (e.g. 090120212). 
Many specimens have small dendritic patterns in shallow grooves over their surfaces 
(e.g. 048910.5 in Figure 7.3F). These patterns are believed to have been produced by 
plant acids in roots coming in contact with the bone surface at some stage of its burial 
(for comparisons see root etching in Lyman, 1994). 
Type 3 marks only occur on one specimen, 091022321, which is a right tibial crest of a 
large macropodine (Figures 7.30 and 7.5AB). It has 118 fine sub-parallel striations 
along the anterior edge of the crest. The striations are confined to the crest except for one 
(no. 23, Figure 7.5A) which continues over the lateral surface away from the crest 
toward the edge of the bone where it intersects with a small V-shaped mark. 
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A - 090122807 
B-090121519 
G - 091020801 
E - 090123005 
Figure 7.4. Examples of Type 2 marks from the Bunyan Siding Jilliby Formation. 
Scale bars = 5 mm. 
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The striations are 2 - 12 mm in length (except 23 which is 16 mm) and are all less than 
0.2 mm in diameter. In cross-section they are U-shaped with straight smooth sides. The 
relative position of the striations is essentially parallel and evenly spaced with some 
exceptions. Striations 12-13, 23-24, 30-31, 74-75 and 76-77 are forked or Y-shaped in 
plan view. Five other striations (76, 90, 91, 94, 95) are curved or S-shaped bisecting up 
to seven other striations. There is no evidence of pairing of striations, all being similar in 
width and depth, but varying in length and relative positions. 
Superimposed over the 118 striations are large broad grooves and pits similar to Type 1 
and 2 marks seen on the other specimens from the unit. On the same specimen there are 
several longitudinal and irregular shaped cracks attributed to weathering and/or pressure 
marks from biting. 
It is also observed that 87 % of the specimens from the Jilliby Formation are very 
fractured (Table 7.11), including spiral, perpendicular and flaked fractures (as defined by 
Marshall, 1989). A few specimens in the uppermost clay-rich facies (facies Fig) show 
fracturing attributed to shrinkage and swelling of the clay matrix (e.g. D92052401), but 
the remainder are sharp clean edged fractures. 
Interpretations 
Comparisons have been made with material from a feeding trial done in this study (see 
Appendix F) and with specimens held in the Queensland Museum from a feeding trial by 
Sobbe (1990). Australian fossils with unusual marks preserved on them which have been 
examined including bones from Spring Creek (Vanderwal and Fullagar, 1989), 
Mammoth Cave (Archer et al., 1980), near Glen Innes (Runnegar, 1983), and Cuddy 
Springs (Furby, 1995). Faunal material associated with a skeleton of Thylacoleo from 
Moree mentioned by Finch (1971) was also examined for possible marks but none were 
found. 
The Type 1 and Type 2 marks are inferred here to be 'bite' marks produced by two types 
of carnivores, Type 1 by a large animal, possibly Thylacoleo carnifex, and Type 2 by a 
smaller animal such as Sarcophilus laniarius. The high degree of fracturing is also 
attributed to carnivorous activity. These inferences are not conclusive, however, by a 
combination of elimination of possible agents and comparative morphology the evidence 
suggests carnivores are the most likely primary agents for bone modification and 
accumulation at the site. No adequate explanation for the Type 3 marks can be proposed. 
In the absence of any tools or evidence of human activity, and the Middle Pleistocene age 
estimate for the deposit (well before the first known human occupation of the region, see 
Chapter 2.6), the marks of all three types cannot be attributed to human butchering. 
Interpretation of marks on bone produced by humans as opposed to carnivore is 
inconclusive despite extensive literature on the subject (e.g. Brain, 1981; Potts and 
Shipman, 1981; Shipman, 1983; Oliver, 1989; Marshall and Cosgrove, 1990). 
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Figure 7.5. Type 3 marks on Specimen 091022321: (A) 118 striations are numbered and 
superimposed larger grooves and pits are indicated; (B) photograph of 091022321. 
Scale bar = 4.5 mm. 
Chapter 7: Northern Monaro Faunas 
The marks are not produced by murids (see Archer et al., 1980; Fiorillo, 1989; Shipman 
and Rose, 1983) because the majority of marks are straight (murid tooth marks are 
wavy), the marks are deep and narrow (not shallow and broad), there are no pairing or 
anchor marks. The marks are not produced from physical processes such as sediment 
abrasion during transportation or trampling because of the uniformity of size and form of 
marks, the absence of striations, and the absence of sets of sub-parallel scratches 
(Behrensmeyer, 1982; Shipman and Rose, 1988; Behrensmeyer et al., 1989; Fiorillo, 
1989) 
If, as is suggested, the primary mode of bone accumulation at the site is by carnivores, 
then the faunal assemblage represented by the spedmens from the Jilliby Formation 
(Table 7 .5) may contain a bias toward those species preyed upon by the carnivores 
concerned. Just which carnivores were at the site and what their diets were is uncertain 
(see Lundelius, 1966; Horton and Wright, 1981; Case, 1985), parJicularly for 
Thylacoleo and Thylacinus which are both extinct. It is probable that Sarcophilus was _ 
scavenging at the site, rather than responsible for the primary accumulation based on 
observations of its present scavenging feeding habits (Marshall and Cosgrove, 1990). 
The presence of aquatic species such as frogs, platypus and fish in the Jilliby LF 
suggests some of the faunal sample may have been naturally accumulated by the fluvial 
systems responsible for the entire deposit. Sarcophilus are known to eat fish along the 
seashores in Tasmania (Guiler, 1992). 
7.3.3. Possible Bias in Samples from Collecting Techniques 
Size bias in species represented in fossil collections can be introduced by sampling 
technique, where for example collections are build up from sporadic and opportunistic 
prospecting over a period of time as is often the case in fluvial deposits, (e.g. Eastern 
Darling Downs collection and Lake Victoria collection, and in the early part of the Pilot 
Creek collection). Although the provenance of the specimens is maintained, the size bias 
occurs when sieving techniques and processing of whole sections of exposures are not 
carried out for whatever reasons, and only larger specimens are seen and collected. 
At the Bunyan Siding locality the Jilliby Formation, at the southern end of the roadcutting 
was recognised as the area of highest bone concentration. Thus, in this study trenches 
were excavated along this section (for details see Chapter 5.3.3). Wet sieving techniques 
were very successful and, using fine mesh (2 mm), large sections of the site were 
screened revealing both large (e.g. Protemnodon metatarsals) and very small bones and 
other skeletal elements (e.g. murid molars, fish scales and frog ilia). Thus, size bias due 
to collecting is considered not to be a factor in assessing the composition of the Jilli by 
LF. 
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In the Pilot Creek valley the bone from the QF2 unit was successfully wet sieved due to 
the loamy nature of the matrix and good bone preservation, with both large and small 
specimens recovered, thus size bias is not a factor in the QF2 LF. What remained of 'T-
Site', after its initial excavation in 1982 by L Davis, D. Ride and others, was 
successfully dry sieved in this study and a number of small bone elements recovered, 
suggesting a size bias toward larger elements was not severe. 
In the Pilot Creek Formation and Willow Bank Formation attempts at wet and dry sieving 
(e.g. at 'Deep Pool Site') were unsuccessful. This was because of the high clay content 
of the matrix coupled with the poor, decomposed condition of bone, which when wet, 
rapidly broke down. The bone is also widely distributed throughout these units with the 
proportion of bone to sediment very low making large scale sieving efforts not profitable. 
Thus, parts of the Pilot Creek LF and Willow Bank LF may have a size bias toward 
larger species introduced due to collecting techniques. 
7.3.4. Conclusions: How representative are the local faunas? 
From the above assessments of the local faunas from the study area as they are listed in 
Section 7 .2, all local faunas have some bias. However, three local faunas (Pilot Creek 
LF, QF2 LF and Jilliby LF) are more representative of the vertebrate communitie_s they 
are from than the others. Table 7.12 summarises the faunal assessments. 
LOCAL BONE/UNIT REWORKING MODE OF COLLECTING SAMPLE 
FAUNA ASSOCIATION ACCUMULATION BIAS SIZE 
I BIAS 
PILOT CREEK good some no fluvial, yes, maybe fair 
others maybe large species 
WILLOW fair maybe fluvial, yes, maybe small 
BANK large species 
OF1 good no unknown, maybe no small 
QF2 ,, good no eagles, yes no large 
JILLIBY good no mammalian no large 
carnivores, yes 
NESTLE intrusive no burrow & fluvial, maybe small 
BRAE yes . 
ROCK FLAT intrusive no human, yes no small -
CREEK 
SOUTH BUNYAN fair maybe unknown, maybe maybe small 
BULONG fair maybe unknown, maybe maybe small 
. TANNERY CREEK fair maybe unknown, maybe maybe small 
RYRIES CREEK eoor :tes fluvial, :tes ma:tbe small 
Table 7.12. Summary of assessment of reliability of local faunas. 
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Some of the biases and limitations with these local faunas might be overcome by further 
research while others do not lend themselves to this. If the specimens are from an 
intrusive deposit (e.g. the burrows in the Nestle Brae Formation and the Rock Flat 
Creek · burial site), further dating of the bones themselves or matrix from inside the 
intrusion would clarify their age. More rigorous dating utilising new techniques (e.g. 
dating of individual amino acids in bones, Stafford et al., 1991) at all sites would 
enhance the reliability of bone/unit associations, improve the accuracy of the faunal 
chronology, and enable local faunas such as the Bulong LF, Tannery Creek LF and 
South Bunyan LF to be incorporated into the faunal record with greater confidence. 
Collecting biases can be improved by more sieving. More sieving would also work 
towards increasing sample sizes. Until sample sizes are increased conclusions on faunas 
other than the QF2 LF and Jiliby LF must be treated as preliminary. 
Biases and problems which cannot be altered or improved include the biases created by 
the various modes of bone accumulation and the problems of association if a deposit or 
part of it has been reworked. 
7.4. PROPOSED NORTHERN MONARO FAUNAL SEQUENCE 
Figure 7. 6 is a correlation chart of thi local faunas from six of the study localities and 
their stratigraphic units. Uncertainties in boundaries are indicated by dashed lines 
(Chapter 6 discusses the stratigraphic sequence; see Figure 6.1 for stratigraphic chart). 
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Figure 7.6. Correlation chart showing local faunas and their host-units. 
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7.5. FAUNAL COMPARISONS 
Comparisons between the local faunas from the study sites and the modem faunas found 
in the region today (c. 100 years ago and present as described in Chapter 1.5) reveal 
several faunal differences which ultimately indicate faunal change. 
The comparisons are presented in Tables 7.13 and 7.14. In these tables each species is 
grouped into one of the following categories: 
Category A: species common in the region today; 
Category B: species absent from the region today but present 100 years ago; 
Category C: species not in the region today but found elsewhere today; 
Category D: extinct species that has a fossil occurrence in the region; and 
Category E: extinct species not previously recorded in the region. 
7.S.1. Jilliby LF Compared to Pilot Creek LF's and Modern Fauna 
The Jilliby LF is the oldest dated local fauna in the region. It is a very diverse assemblage 
comprising some 17 species of mammals and is dominated by macropodids. 
The Jilliby LF comprises species from all five categories as defined above (Table 7.13). 
-There are two species (V. ursinus and 0. anatinus) which occur in the region today, the 
former also occurring in all but one of the local faunas in the Pilot Creek valley. The 
Jilliby LF includes three species (D. viverrinus, M. fuscus, and A. rufescens) which 
- were in the region some-100 years ago but are no longer there (Marlow, 1958). 
Perameles gunnii is not found in the region today, but currently occurs elsewhere, being 
restricted to Tasmania except for a small population in southwestern Victoria (see Chapter 
3.3.6: discussion). P. gunnii is also represented in the mid-Holocene QF2 LF, 
suggesting a lo,?g presence in the Monaro region, not previously detected, expanding 
both its spatial and temporal distribution. It has been previously recorded in fossil 
deposits at Victoria Cave (Smith, 1972), Henschke Fossil Cave (Pledge, 1991), Bass 
Strait Islands (Bowdler, 1984; Hope, 1973), Lake Victoria (Marshall, 1972, 1973), and 
Lake Mungo (Hope, 1972). The species has been identified elsewhere in New South 
Wales in fossil deposits at Wellington Caves (this study; see Section 3.3.6) and at 
Tuglow Caves near Oberon (Ride, W.D.L. pers comm., 1994). 
There are five extinct species in the Jilliby LF (cf. Z. trilobus, Protemnodon anak, P. 
roechuslbrehus, Diprotodon sp., and M. titan) which have been extinct and have been 
reported in fossil deposits in the Southern Tablelands region (see Chapter 1, Tables 1.2 
and 1.3). Four of the five (not cf. Z. trilobus) occur in the Pilot Creek LF (c. 25 ka; 
Table 7 .1 ), indicating a long occupation of the northern Monaro at least up until that time 
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but disappearing prior to 11 ka (Table 7.13). Z. trilobus occurs in the Wombeyan Caves 
fauna (Hope, 1982a) which is undated. 
Finally, there are six species of extinct mammals that have not been previously recorded 
in the region. These are Sthenurus atlas, Procoptodon rapha, an unknown vombatiform, 
a new form of Macropus agilis, Macropus sp. aff M giganteus, and Pseudomys sp. aff 
P. australis-group. The presence of Sthenurus atlas and Procoptodon rapha is not 
unexpected as they occur in several other Pleistocene faunas in Eastern Australia, but ·· 
the Jilliby records extend their fossil distribution into the highlands. S. atlas is known 
from Wellington Caves (Dawson, 1985), Victoria Cave (Wells et al., 1984) and Lake 
Menindee (Tedford, 1966). P. rapha is known from Bingara (Marcus, 1976), Eastern 
Darling Downs (Bartholomai, 1970), Wellington Caves (Dawson, 1985) and Victoria 
Cave (Wells et al., 1984). 
LOCAL FAUNA Jilli by Pilot QF1 Willow QF2 Modern 
Creek Bank 
AGE (ka) (780 -100) (25) (11) (6-2) (4.5) (0.01) (0) 
TAXA 
Category 
A Omithorhynchus anatinus x x x 
A Vombatus ursinus x x x x x x 
B Dasyurus viverrinus x x x 
B Mastacomys fuscus x x x 
B Aepyprymnus rufescens x x x x 
c Perameles gunnii x x 
D Zygomaturus trilobus x 
D Protemnodon anak x x 
D Protemnodon roechus/brehus x x 
D Diprotodon sp. x x 
D Macropus titan x x 
E Sthenurus atlas x x 
E Procoptodon rapha x 
E Unknown vombatiform x 
E Macropus agi/is subsp. x 
E Macropus sp. aff. M. giganteus x 
?E Pseudomys sp. aff. P. australis x x 
x = species present, and - = species absent 
Table 7. 13. Temporal distribution of mammalian taxa from Bunyan Siding compared with 
local faunas from the Pilot Creek valley, and the modern fauna. 
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Pseudomys sp. aff. P. australis-group is found in the Jilliby LF and the mid-Holocene 
QF2 LF suggesting a long history for this species in the Monaro. However, further 
taxonomic work is required before the real significance of the Jilliby occurrence can be 
evaluated. 
The remaining three taxa are unique to the Jilliby LF and represent a component of the 
Middle Pleistocene fauna which has no modern equivalent. 
7 .5.2. Pilot Creek Valley Faunal Comparisons 
The Late Pleistocene Pilot Creek LF (Table 7.14) has two species, V. ursinus and M. 
robustus, which have evidently remained in the region since the Late Pleistocene through 
to the present. As noted above V. ursinus also extends back into the Middle Pleistocene 
being in the Jilliby LF. 
LOCAL FAUNA Piiot Creek QF1 Wiiiow Bank QF2 Modern 
AGE (ka) (25) ( 11) (6-2) (4.5) (0.01) (0) 
TAXA 
Category 
A Vombatus ursinus x x x x x 
A Macropus robustus x x x x 
A Macropus giganteus x x x x x 
A Macropus rutogriseus x x x 
A Rattus fuscipes x x x 
A Rattus lutreolus x x x 
B Dasyurus viverrinus x x 
B Mastacomys tuscus x x 
B Perameles nasuta x x 
B lsoodon obesulus x x 
B Pseudomys tumeus x x 
B Aepyprymnus rufescens x x x 
c Perameles gunnii x 
D Protemnodon anak x 
D Protemnodon roechuslbrehus x 
D Diprotodon sp. x 
D Macropus titan x 
D Thylacoleo carnitex x 
D Sarcophilus laniarius x 
D Thylacinus cynocephalus x 
D Conilurus albipes x 
E Sthenurus sp. x 
?E Pseudomys sp. aff. P. australis x 
x '"' species present, and - - species absent 
Table 7.14. Telll>Oral distribution of mammalian taxa from fossil sites in the Pilot Creek valley 
and occurrence of taxa in the region 100 years ago and at present. 
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The other seven species in the Pilot Creek LF (Sarcophilus /aniarius, Thylaco/eo 
carnifex, Sthenurus sp., Protemnodon anak, P. roechuslbrehus and Macropus titan) are 
extinct species that do not occur in any other faunas from the Pilot Creek valley. This 
suggests that the Pilot Creek LF represents a quite different fauna, from those 
represented elsewhere in the valley. All of the species represented in the Pilot Creek LF 
except M. robustus and the two carnivores, S. /aniarius and T. carnifex, are also found 
in the Middle Pleistocene Jilliby LF. Whether the absence of these three species is real or 
a factor of selective preservation is uncertain: the bite marks on specimens from the 
Jilliby LF indicate carnivores were at that site and so give some support to the second 
interpretation. 
The two local faunas from the alluvial fan units, QFl and QF2, have certain similarities 
in faunal content: both contain M. giganteus, A. rufescens and Perameles nasuta, as well 
as Dromaius novaeho/landiae. The QFl LF also has T. cynocephalus, a species not 
recorded in any of the other study sites, although known from undated faunas from six 
other localities (all cave deposits) in the Southern Tablelands (see Chapter 3.3.4). 
The QF2 LF is much more diverse than the QFl LF. When compared to the modem 
fauna of c. 100 years ago and the present fauna, the QF2 LF shows there has been a 
dramatic decline in the number of mammalian species in the region since the mid-
Holocene. Of the members of the QF2 LF Conilurus albipes is now considered extinct, 
while eight other species (D. viverrinus, Mastacomys fuscus, Perameles nasuta, P. 
gunnii, Isoodon obesulus, Pseudomys fumeus, P. sp. aff. P. australis, and A. 
rufescens) no longer occur in the Monaro region. 
The occurrence together in the QF2 LF of the three bandicoot species, P. gunnii, P. 
nasuta and /. obesulus is an association which differs from their current distributions 
(Ashby et al., 1990; Menkhorst and Seebeck, 1990; Hocking, 1990). Although/. 
obesulus is locally sympatric with both P. gunnii and P. nasuta the two species of 
Perameles are presently allopatric. Thus they constitute a disharmonious assemblage 
(Lundelius, 1989) or non-analogue community. While the fossil association may be an 
artefact of the mode of accumulation, it is possible that the three species shared the same 
habitat in the past. These same associations of bandicoot species occur in fossil cave 
deposits in western Victoria at Fem Cave Glenelg, Tower Hill Beach and McEachem' s 
Cave analysed by Wakefield (1964, 1967). 
Amongst the bird records from the QF2 LF, Gymnorhina tibicen is common in the region 
today. Gallinula mortierii has not previously been recorded in the region; it currently 
occurs only in Tasmania where it is abundant, but has a mainland fossil distribution (both 
Pleistocene and Holocene) in the lower Murray-Darling Basin and southern Queensland 
(Baird, 1984; 1986; 1992). 
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7.6. FAUNAL CHANGE THROUGH TIME 
At least five periods of fauna! change are indicated by the faunas described from the 
northern Monaro region. The first period of faunal change occurred some time between 
the time represented by the Jilliby LF and the Pilot Creek LF. From dating of 
stratigraphic units this period falls between around 100 ka (although possibly as far back 
as 780 ka) and 25 ka. The second period of faunal change occurred between 25 ka (Pilot 
Creek LF) and 11 ka (QFl LF), the third period between 11 ka (QFl LF) and 4.5 ka 
(QF2 LF), the fourth period between the QF2 LF at 4.5 ka and around 150 years ago, 
and the fifth period occurred between 150 ka and the present. The changes for each 
period are summarised below. 
Faunal Change 1 (780 < 100 ka - 25 ka) 
i) the loss or extinction of at least three taxa that are possibly unique to the region (an 
unknown vombatiform, a new form of Macropus agilis, and a species of M. sp. 
aff. M. giganteus); 
ii) the loss from the record in the region of Zygomaturus trilobus and Sthenurus atlas; 
iii) shifts in the number and composition of the Macropodidae: seven species reduced to 
five involving three disappearing (M. agilis, M. sp. and P. rapha), three continuing 
(P. anak, P. roechuslbrehus, M. titan), and one appearing (M. robustus); and 
iv) the appearance in the region of T. carnifex and S. laniarius. 
Faunal Change 2 (25 ka - 11 ka) 
i) the local extinction of at least seven taxa (S. laniarius, T. carnifex, D. optatum, P. 
anak, P. roechuslbrehus, Sthenurus sp., M.titan); and 
ii) the possible replacement of M. titan with M. giganteus. 
Faunal Change 3 (11 ka - 4.5 ka) 
i) loss of T. cynocephalus from the Monaro record; and 
ii) the appearance in the record of P. nasuta, I. obesulus, M. rufogriseus, R. lutreolus, 
R. fuscipes, Pseudomys fwneus. 
Faunal Change 4 (4.5 ka - 150 year) 
i) the extinction of Conilurus albipes; and 
ii) the loss locally of Perameles gunnii, Pseudomys sp. aff. P. australis-group, and 
Gallinula mortierii. 
Faunal Change 5 (150 years to present) 
i) the loss from the region of D. viverrinus, A. rufescens, M.fuscus, P. nasuta, and/. 
obesulus; and 
ii) the introduction of many mammalian species including Canis familiaris, Rattus rattus, 
Mus musculus, Oryctolagus cuniculus, Lepus capensis, Fe/is catus, Vulpes 
vulpes, Capra hircus, Sus scofa and Equus coballus. 
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Other Changes 
Some species such as A. rufescens, D. viverrinus, and M. fuscus, appear in the Middle 
Pleistocene Jilliby LF and in the Holocene LF' s but are absent from the Late Pleistocene 
Pilot Creek LF. This absence may be because these species left the region during the 
period leading up to and during the last glacial period, and returned when climatic 
conditions were ameliorating. Further sampling in the Late Pleistocene unit is needed to 
clarify whether this absence is a real absence or an artefact of sampling, particularly as 
these species are small and the mode of accumulation of the Pilot Creek LF is inferred to 
be bias against small species (see Table 7.11). 
7.7. DISCUSSION 
Possible explanations for the faunal changes described above fall into three categories: 
climate, impact of humans, and vegetation changes. 
780 < 100 ka to 25 ka 
The first interval during which there was faunal change is a period of at least 75 ka and 
possibly as long as 765 ka in duration. The changes observed include the local extinction 
of two small species (M. agilis and a vombatiform) and three large species (Z. trilobus, 
S. atlas and M. sp.). There are also changes in the composition of the Macropodidae 
involving extinction and replacement (see above). Environmental changes during this 
period included major climatic fluctuations through to the peak of the Last Interglacial at 
about 120 ka. These fluctuations appeared to have a periodicity of about 100,000 years 
with relatively slow onset to glacials followed by rapid deglaciation phases (Wasson and 
Clark, 1987; see Chapter 2.5.1). Humans only appear in the region at the very end of the 
Pleistocene (21 ka; see Chapter 2.6), so that the differences seen between the Jilliby LF 
and Pilot Creek LF are due to climatic and not human causes. Until the age of the Jilliby 
LF becomes more precise it cannot be determined whether the Jilliby LF represents a 
glacial or interglacial fauna within the Middle Pleistocene. 
25 ka to 11 ka 
One of the most written about faunal changes in the Quaternary is the loss of many of the 
larger mammalian species (and other vertebrates) often collectively referred to as 
'megafauna', at the end of the Pleistocene (for reviews see Murray, 1984; Flannery, 
1990). But as Flannery (1990) and others have noted, these faunal extinctions involved 
not only large but also small species. The exact timing of the extinction at the 'end of the 
Pleistocene' is not clear. Baynes (1992; 1995) suggests in his recent review of the dates 
associated with the megafauna across Australia, that there are so few well dated sites that 
it is difficult to establish just when these large taxa became extinct. The more reliably 
dated occurrences fall between the 40- 20 ka time period. Examples are Spring Creek at 
20 ka (Flannery and Gott, 1984), Lancefield Swamp at 25 ka (Gillespie et al., 1978; 
White and Flannery, 1995), King Creek at 28 ka (Gill, 1978), Cuddie Springs at 28 ka 
(Dodson et al., 1993) and Henschke Fossil Cave at 34 ka (Pledge, 1990). 
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From this study it has been established that megafauna occurred in the Pilot Creek valley 
sometime after 25 ka but before 11 ka, and involved the local extinction of at least seven 
taxa (Sarcophilus laniarius, Thylacoleo carnifex, Diprotodon optatum, Protemnodon 
anak, P. roechuslbrehus, Sthenurus sp., Macropus titan). These losses are consistent 
with the other dated occurrences for these species across Eastern Australia. 
The loss of these species between 25 ka and 11 ka coincides with a number of 
environmental (human, vegetation and climate) changes. The earliest archaeological 
record indicating human occupation of the Tablelands is at around 21 ka, but just how 
dense the populations involved were, is uncertain (Flood et al., 1987; see Chapter 2.6). 
Climates over the Monaro and nearby Snowy Mountains were in a cold dry 'arid phase' 
which peaked at around 18 ka when temperatures were go to woe cooler than present 
(see Chapter 2.5.3). Temperatures probably decreased gradually from around 35 ka to 18 
ka, followed by rapid amelioration between 18 ka and 13 ka. In the alpine area of the 
Snowy Mountains glacial cirques and terminal moraines indicate the severity of the cold 
conditions. Hope (1994a) postulates that from about 26 ka to 12 ka the Monaro 
Tablelands were cold, dry, and treeless, being vegetated by a very open cold steppe 
grassland. The treeline descended at least 800 m to an elevation of about 1000 m (Hope, 
1989, 1994a) which would have included the peak east of the Pilot Creek valley (1030 
m), currently covered by dry sclerophyll woodland 
Whether the severe climatic changes, or the impact of humans brought on the observed 
faunal loss remains debatable. It is quite possible a combination of both had a role in the 
extinction of these larger mammalian species in the valley. Of the seven species which 
become extinct during this period two are carnivores (T. carnifex, S. /aniarius), four are 
browsers (Diprotodon optatum, Protemnodon anak, P. roechuslbrehus, Sthenurus sp.) 
and one is a grazer (M. titan) (see Flannery, 1990, table 1). Dodson (1989) points out 
that the vegetational changes during the arid phase, resulting in increased grasslands, 
would have actually favoured grazing animals, while conditions for browsers would 
have been reduced. The Pilot Creek data, with the exception of M. titan, lends support to 
this idea. 
11 ka to 4.5 ka 
The loss of T. cynocephalus from the Monaro record sometime during the early part of 
the Holocene is consistent with other mainland records. The last reliably dated occurrence 
of T. cynocephalus on the mainland is at 3090 ± 90 years B.P. (Archer, 1974). The 
appearance of Canis familiaris (the dingo) on the mainland by 3,450 ± 95 years BP 
(Milham and Thompson, 1976) may have contributed to the loss of T. cynocephalus. 
The early Holocene climate of the Monaro was not unlike today, thus climatic changes 
are unlikely to have caused its local extinction. The evidence of Aborigines in the Monaro 
in the early Holocene is fairly sound, with an increase in the number of occupation sites 
(see Chapter 2.6). Their impact on the Thylacine in the region is unknown. 
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4.5 ka - 150 years ago 
During the late Holocene Aborigines were abundant and climates stable, not unlike today. 
The local extinction of Conilurus albipes during this period is not unexpected as historical 
records suggest it was nowhere very abundant (Gould in Strahan, 1995). 
The local extinction of P. gunnii ending its sympatric association with P. nasuta is 
unlikely to be due to climatic change (climates being stable during this period), but is 
more likely due to some other factor. This situation differs from other 'disharmonious 
assemblages' (Lundelius, 1989) which have been explained by environmental changes. 
The occurrence of Gallinula mortierii at 4.5 ka is one of the most recent mainland records 
and coincides with the arrival of the Dingo, a likely cause for its loss in the region. 
150 years ago to present 
The loss from the Monaro region of the small species D. viverrinus, A. rufescens, M. 
fuscus, P. nasuta and Isoodon obesulus, coincides with the extinction all over Australia 
of many small species. Flannery (1990) states two possible causes (i) the introduction of 
foxes and cats, and (ii) the cessation of fire stick farming. Morton (1990) adds the arrival 
of domestic animals and the release of the rabbit to the possible causes for these recent 
extinctions. All four reasons could explain the altered distributions and local loss seen in 
the northern Monaro during the last 150 years. 
Regional Comparisons 
Comparisons can been made with other Quaternary faunal sequences to see if similar 
faunal changes are indicated, but limitations in correlations arise from the inherent 
problems of many of these sites, such as incomplete published faunal lists, possible 
mixed faunas, scarcity of dates, and need for detailed stratigraphic analyses. For example 
Marcus (1976) describes the large mammalian fauna from Bingara, but age of the fauna 
remains uncertain, there being no radiocarbon dates, or further stratigraphic work 
published on the site since the works of Anderson (1890) and Marcus (1976). Another 
example is the large collections made from. the Eastern Darling Downs in southeastern 
Queensland, which lack stratigraphic details and associated dates. A Late Pleistocene age 
estimate (28 ka - 41 ka) is proposed for the King Creek locality (see Baynes, 1995). 
From Wellington Caves in central New South Wales a large and diverse fauna is known 
(see Dawson, 1985), but it is considered to have Pliocene and Pleistocene components 
(Dawson, 1995; Augee et al., 1995). 
The Jilliby LF is similar to the Wellington Caves fauna with only three species known 
from the former not represented (Ornithorhyncus anatinus, new vombatid, Pseudomys 
sp. cf. P. australis). M. agilis is represented in the Wellington Caves, Darling Downs 
and Lake Victoria faunas, however they are all M. agilis siva which is much larger than 
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the Monaro form (M. agilis ngarigo). The absence of Ornithorhyncus may be due to an 
accumulation bias, the Wellington site being a cave deposit. The new vombatid is unlike 
any vombatid found in any of the other deposits. 
The species in the Pilot Creek LF are all found in the above comparative Pleistocene sites 
except Macropus robustus. The larger Pleistocene form of M. robustus is M. altus 
(Owen), which is found in the faunas from Eastern Darling Downs (Bartholomai, 1975), 
Wellington Caves (Dawson, 1985), Lake Victoria (as Osphratus cooperi (Owen), a 
junior synonym of M. altus, see Bartholomai, 1975), and possibly from Bingara (as 
Osphrantus stirtoni Marcus, see Dawson, 1982). A possible explanations for the absence 
of M. altas is that Pleistocene dwarfism of this species has occurred at a faster rate in the 
highlands. 
However, correlations of these type are fairly general and until more rigorous dating and 
stratigraphic studies are carried out on many of the Pleistocene faunas with 
multidisiplinary studies, the complete picture of faunal change in eastern Australia will 
not be fully realised. The current work by Dawson and other at Wellington Caves will 
enhance the faunal record greatly for eastern Australia. In western and southern Australia 
similar Quaternary faunal studies have been (e.g. Lundelius, 1960), and are being carried 
out by Baynes, Wells, Lundelius and others which will also compliment the work being 
done in the Monaro region. 
7.8. CONCLUSIONS 
The Quaternary valley-fill sequences in the northern Monaro region contain a sequence of 
local faunas preserved in a number of fluvial deposits which provide a rare opportunity to 
examine faunal change in this one part of Australia. 
The Middle Pleistocene fauna in the region is represented at the Bunyan Siding locality 
by the diverse Jilliby Local Fauna. In the Pilot Creek valley there are four local faunas 
preserved in the sedimentary sequence, spanning the last 25 ka enabling faunal change to 
be examined through time at the one locality. 
At least five periods of faunal change are indicated by vertebrate faunas described from 
the northern Monaro region. These changes occurred between around 100 ka (although 
possibly as far back as 780 ka) and 25 ka; between 25 ka (Pilot Creek LF) and 11 ka 
(QFl LF); between 11 ka (QFl LF) and 4.5 ka (QF2 LF); between the QF2 LF at 4.5 ka 
and around 150 years ago; and between 150 ka and the present. 
From this study it has been shown that extinctions have been occurring in the northern 
Monaro over a long period of time, not just at the end of the Pleistocene. Both large and 
small species became extinct over the period represented by the northern Monaro local 
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faunas. Megaf aunal species were present in the region up until the end of the Pleistocene 
at least until 25 ka but were gone by 11 ka. Faunal changes were occurring well before 
humans occupied the region, but have become more prevalent in the last 5,000 years, and 
particularly in the last 150 years. 
314 
References 
REFERENCES 
Aitken, M.J. (1990). Science-based Dating in Archaeology, Longman, New York. 
Allen, J. and Guy, J.B.M. (1984). Optimal estimations of individuals in archaeological 
faunal assemblages: how minimal is the MNI? Archaeology in Oceania, vol. 19, 
pp. 41-47. 
Anderson, C. (1929). Palaeontological Notes No. 1. Macropus titan Owen and 
Thylacoleo carnifex Owen. Records of the Australian Museum, vol. 17, pp. 35-49. 
Anderson, W. (1890). On the post-Tertiary ossiferous clays, near Myall Creek, Bingara. 
Records of the Geological Survay, New South Wales, vol. 1, pp. 116-126. 
Aplin, K. and Archer, M. (1987). Recent advances in marsupial systematics with a new 
syncretic classification. Pp. xv-lxxii in Archer, M. (ed.) Possums and Opossums: 
Studies in Evolution, Surray Beatty and Sons Pty Ltd and Royal Zoological Society 
of N.S.W., Sydney. 
Archer, M. (1975). Abnormal dental development and its significance in Dasyurids and 
other marsupials. Memoirs of the Queensland Museum, vol. 17, pp. 251-265. 
Archer, M. (1978a). The nature of the molar-premolar boundary in marsupials and a 
reinterpretation of the homology of marsupial cheekteeth. Memoirs of the 
Queensland Museum, vol. 18, pp. 157-64. 
Archer, M. (1978b). Quaternary vertebrate faunas from the Texas Caves of southeastern 
Queensland. Memoirs of the Queensland Museum, vol. 19, pp. 61-109. 
Archer, M. (1979). The status of Australian dasyurids, thylacinids and myrmecobiids. 
Pp. 29-43 in Tyler, M.J. (ed). The Status of Endangered Australian Wildlife. 
Royal Zoological Society South Australia, Adelaide. 
Archer, M. (1982). Review of the dasyurid (Marsupialia) fossil record, integration of 
data bearing on phylogenetic interpretation, and suprageneric classification. Pp. 
397-443 in Archer, M. (ed). Carnivorous Marsupials. Royal Zoological Society 
N.S.W., Sydney, Australia. 
Archer, M. Clayton, G. and Hand, S. (1984). A checklist of Australian fossil mammals. 
Pp. 1027-1087 in Archer, M. and Clayton, G. (eds). Venebrate zoogeography and 
evolution in Australasia. Hesperian Press, Perth. 
Archer, M., Crawford, I. and Merrilees, D. (1980). Incisions, breakages, and charring, 
some probably man made, in fossil bones from Mammoth Cave, Western 
Australia. Alcheringa, vol. 4, pp. 115-131. 
Archer, M., Godthelp, H., Hand, S.J. and Megirian, D. (1989). Fossil mammals of 
Riversleigh, northwestern Queensland: preliminary overview of biostratigraphy, 
correlation and environmental change. Australian Zoologist, vol. 25, pp. 29-65. 
Augee, M.L., Dawson, L., Hodge, G. and Blandford, S. (1995). Quaternary Deposits 
in Cathedral Cavern, Wellington Caves, NSW. Abstract, p. 2, Quaternary 
Symposium, Linnean Society of New South Wales, 4-6 December, 1995. 
Argue, D. (1995). Aboriginal occupation of the Southern Highlands: Was it really 
seasonal? Australian Archaeology, vol. 41, pp. 30-37. 
Ashby, E., Lunney, D., Robertshaw, J. and Harden, R. (1990). Distribution and status 
of bandicoots in New South Wales. Pp. 43-50 in Seebeck, J., Brown, P.R., 
Wallis, R.L. and Kemper, C.M. (ed). Bandicoots and Bilbies. Surrey Beatty and 
Sons., Sydney. 
315 
Riferences 
Atlas of Australian Resources (1986). Climate, Volume 4, Third Series. Division of 
National Mapping, Canberra. 
Augustinus, P.C., Short, S.A., Pollington, M. and Macphail, M.K. (1995). Dating the 
late Cenozoic glacial sequence, Pieman River Basin, Western Tasmania, Australia. 
P. 10 in Program and Abstracts of the 2nd ANZ Meeting on Quaternary Dating, 
Australian National University, Canberra, 1-3rd February, 1995. 
Australian Code of Stratigraphic Nomenclature (1973). 4th edition, reprinted with 
corrigenda and additional notes. Journal of the Geological Society of Australia, vol. 
20, pp. 105-112. 
Baird, R.F. (1984). The Pleistocene distribution of the Tasmanian Native-hen Gallinula 
mortierii. Emu, vol. 84, pp. 119-123. 
Baird, R.F. (1986). Tasmanian Native-hen Gallinula monierii: the first late Pleistocene 
record from Queensland. The Emu, vol. 86, pp. 121-122. 
Baird, R.F. ( 1991 ). The taphonomy of late Quaternary cave localities yielding vertebrate 
remains in Australia. Pp. 267-310 in Vickers-Rich, P., Monaghan, J.M., Baird, 
R.F. and Rich, T.H. (eds). Vertebrate Palaeontology of Australasia. Pioneer 
Design Studio, Melbourne. 
Baird, R.F. (1992). Fossil Avian Assemblage of Pitfall Origin from Holocene sediments 
in Amphitheatre Cave (G-2), south-western Victoria, Australia. Records of the 
Australian Museum, vol. 44, pp. 21-44. 
Balme, J., Merrilees, D. and Porter, J.K. (1978). Late Quaternary mammal remains, 
spanning about 30,000 years, from excavations in Devils Lair, Western Australia. 
Journal of the Royal Society of Western Australia, vol. 16, pp. 33-65. 
Barrows, T.T. (1995). Three aspects of Late Quaternary palaeoclimatic reconstructions in 
Eastern Australia. Hons Thesis, Geology, Australian National University. 
Bartholomai, A. (1963). Revision of the extinct macropodid Genus Sthenurus Owen in 
Queensland. Memoirs of the Queensland Museum, vol. 14 (3), pp. 51-76. 
Bartholomai, A. (1966). The type specimens of some of De Vis' species of fossil 
Macropodidae. Memoirs of the Queensland Museum, vol. 14 (5), pp. 115-126. 
Bartholomai, A. (1969). Stratigraphy, skeletal morphology and evolution of the upper 
Cainozoic and recent Macropodidae of Queensland. Unpublished M. Sc thesis, 
University of Queensland, St. Lucia. 
Bartholomai, A. (1970). The extinct genus Procoptodon Owen (Marsupialia: 
Macropodidae) in Queensland. Memoirs of the Queensland Museum, vol. 15, pp. 
213-233. 
Bartholomai, A. (1971a). Dasyurus dunmalli, a new species of fossil marsupial 
(Dasyuridae) in the upper Cainozoic deposits of Queensland. Memoirs of the 
Queensland Museum, vol. 16, pp. 19-26. 
Bartholomai, A. (1971 b ). Morphology and variation of the cheek teeth in M acropus 
giganteus Shaw and Macropus agilis (Gould). Memoirs of the Queensland 
Museum, vol. 16, pp. 1-18. 
Bartholomai, A. (1973). The genus Protemnodon Owen (Marsupialia: Macropodidae) in 
the upper Cainozoic deposits of Queensland. Memoirs of the Queensland Museum, 
vol. 16, pp. 309-363. 
Bartholomai, A. (1975). The genus Macropus Shaw (Marsupialia: Macropodidae) in the 
upper Cainozoic deposits of Queensland. Memoirs of the Queensland Museum, 
vol. 17, pp. 195-235. 
316 
References 
Bartholomai, A. (1977). The fossil vertebrates from Pleistocene deposits at Cement 
Mills, Gore, southeastern Queensland. Memoirs of the Queensland Mu.sewn, vol. 
18, pp. 41-51. 
Baynes, A. (1987a). Clines and climate: reading rainfall from rats. CL/MANZ III, 
Program and extended abstracts for a meeting at Melbourne University 28-29 
November 1987. pp. 55-58. 
Baynes, A. (1987b). The original mammal fauna of the Nullarbor and southern 
peripheral regions: evidence from skeletal remains in superficial cave deposits. Pp. 
139-151 in McKenzie, N.L. and Robinson, A.C. (eds). A biological survey of the 
Nullarbour region South and Western Australia in 1984. S.A. Dept. Env. and 
Plan., WA CALM, and Aust. Nat. Parks. Wild. Service. 
Baynes, A. ( 1992). Australian Pleistocene Megafauna: when and where. Records of the 
Northern Territory Musewn of Arts and Sciences, vol. 9, p. 259. 
Baynes, A. (1995). The question "Why did the Australian Pleistocene megafauna become 
extinct?" currently is unanswerable because there are no reliable dates for any of the 
species. Abstract, p. 12, Taphonomy Symposiwn 95, held 28-29 April, 1995, 
Department of Archaeology and Anthropology, Australian National University. 
Baynes, A. and Ride, W.D.L. (1995). A new genus of Australian fossil rodent. 
Abstract, Quaternary Symposiwn, Wellington Caves, 4-6 December, 1995, p. 12. 
Begg, R.J. (1983). Northern Quoll. Pp. 23 in Strahan, R. (ed). Complete Book of 
Australian Mammals. Angus and Robinson, Sydney. 
Behrensmeyer, A.K. (1982). Time resolution in fluvial vertebrate assemblages. 
Paleobiology, vol. 8, pp. 211-227. 
Behrensmeyer, A.K., Gordon, K.D. and Yanagi, G.T. (1989). Nonhuman bone 
modification in Miocene fossils from Pakistan. pp. 99-120 in Bonnichsen, R. and 
Sorg, M.H. (eds) Bone Modification .. Center for the Study of the First Americans, 
Maine. 
Birkeland, P.W. (1984). Soils and Geomorphology. Oxford University Press, pp. 1-
372. 
Bishop, P. (1982). Stability or change: a review of ideas on ancient drainage in eastern 
New South Wales. Australian Geographer, vol. 52, pp. 219-230. 
Blair, T.C. and McPherson, J.G. (1994). Alluvial Fan Processes and Forms. Pp. 354-
402 in Abrahams, A.D. and Parsons, A.J. (eds) Geomorphology of Desert 
Environments. Chapman & Hall, London. 
Blatt, H., Berry, W.B.N., Brand, S. (1991). Principles of stratigraphic analysis. 
Blackwell Scientific Publications, Boston. 
Boot, P.G. (1994). Recent research into the prehistory of the hinterland of the south 
coast of New South Wales. Pp. 319-340 in Sullivan, M., Brockwell, S. and 
Webb, A. (eds) Archaeology in the North, Proceedings of the 1993 AAA 
Conference, Darwin. 
Bowdler, S. (1984). Hunter Hill, Hunter Island: archaeological investigations of a 
prehistoric Tasmanian site. Terra Australis, vol. 8, pp. 1-148. 
Bowler, J.M. (1973). Deglacial events in Southern Australia: their age, nature, and 
palaeoclimatic significance. Pp. 75-82 in Suggate, R.P. and Cresswell, M.M. (eds) 
Quaternary Studies. Royal Society of New Zealand, Bulletin 13. 
Bowler, J.M. (1978). Quaternary climatic and tectonics in the evolution of the Riverine 
Plain, southeastern Australia. Pp. 70-112 in Davies, J.L. and Williams, M.A.J. 
(eds) Landform Evolution in Australia. Australian National University Press, 
Canberra. 
317 
References 
Bowler, J.M. (1982). Aridity in the Late Tertiary and Quaternary of Australia. Pp. 35-45 
in Barker, W.R. and Greenslade, P.J.M. (eds), Evolution of the Flora and Fauna 
of Arid Australia, Peacock Publications, Adelaide. · 
Bowler, J.M. (1983a). 32 +/- 5ka - Southern Australia; hydrological evidence. Pp. 6-9 in 
Chappell, J. and Grindrod, A. (eds). Proceeding of the First Climanz Conference, 
February 1981. Department of Biogeography and Geomorphology, ANU, 
Canberra. 
Bowler, J.M. (1983b). 15 to 10 ka - Southern Australia; hydrological evidence. Pp. 69-
71 in Chappell, J. and Grindrod, A. (eds). Proceeding of the First Climanz 
Conference, February 1981. Department of Biogeography and Geomorphology, 
ANU, Canberra. 
Bowler, J.M. (1983c). Southern Australia: hydrological evidence 7 +/- 2 ka. pp. 91-92 
in Chappell, J. and Grindrod, A. (eds). Proceeding of the First Climanz 
Conference, February 1981. Department of Biogeography and Geomorphology, 
ANU, Canberra. 
Bowler, J.M. (1986). Quaternary landform evolution. pp. 117-147 in Jeans, D.N. (ed.) 
Australia - a Geography, Vol. 1: The Natural Environment. Sydney University 
Press, Sydney. 
Bowler, J.M., Hope, G.S., Jennings, J.N., Singh, G., and and Walker, D. (1976). 
Late Quaternary Climates of Australia and New Guinea. Quaternary Research, vol. 
6, pp. 359-394. 
Bowler, J.M., and Wasson, R.J. (1984). Glacial age environments of inland Australia. 
Pp. 183-208 in Volgel, J.C. (ed.) Late Cainozoic Palaeoclimates of the Southern 
Hemisphere. A.A. Balkema, Rotterdam. 
Bradley, R.S. (1985). Quaternary Paleoclimatology. Allen and Unwin, Winchester, pp. 
1-472. 
Breed, W.G. and Head, W. (1990). Conservation status of the Plains Rat Pseudomys 
australis (Rodentia: Muridae). Australian Mammalogy, vol. 13, pp. 125-128. 
Brierley, G.J. (1991). Floodplain sedimentology of the Squamish River, British 
Columbia: relevance of element analysis. Sedimentology, vol. 38, pp. 735-750. 
Brown, M.C., McQueen, K.G. and Taylor, G. (1992). A core through the Monaro 
basalt: Bega (BMR) no. 7. Australian Journal of Earth Science, vol. 39, pp. 555-
559. 
Brown, P.R. (1987) Draft management plan for the conservation of the Eastern Barred 
Bandicoot, Perameles gunnii in Victoria. Arthur Rylah Institute Technical Report 
Series No. 41, pp. 1-73. 
Bureau of Meteorology (1988). Climate Averages Australia. Australian Government 
Publishing Service, Canberra. 
Butler, B.E. (1959). Periodic Phenomena in Landscapes as a Basis for Soil Studies. 
CS/RO, Australia, Soil Publication No. 14, pp. 1-19. 
Butler, R.F. (1992). Paleomagnetism: Magnetic Domains to Geological Terranes. 
Blackwell, Boston, pp. 1-319. 
Caine, N. and Jennings, J.N. (1968). Some blockstreams of the Toolong Range 
Kosciusko State Park, New South Wales. Journal of Proceedings of the Royal 
Society of N.S.W., vol. 101, pp. 93-103. 
Calaby, J.H. and Richardson, B.J. (1988). Macropodidae. Pp. 60-80 in Walton, D.W. 
(exec. ed.), Zoological Catalogue of Australia, Volume 5, Mammalia. A.G.P.S., 
Canberra. 
318 
References 
Calaby, J.H. Mack, G. and Ride, W.D.L. (1962). The application of the generic name 
Macropus Shaw, 1790 and of other names commonly referred to the Grey 
Kangaroo. Memoirs of the Queensland Museum, vol. 14, pp. 25-31. 
Calaby, J.H. and Wimbush, D.J. (1964). Observations on the broad-toothed rat, 
Mastacomys fuscus Thomas. C.SJ.R.O. Wildlife Research, vol. 9, pp. 123-133. 
Cande, S.C. and Kent, D.V. (1992). A new geomagnetic polarity time scale for the Late 
Cretaceous and Cenozoic. Journal of Geophysical Research, vol. 97, pp. 13917-
13951. 
Case, J.A. (1985) Differences in prey utilization by Pleistocene marsupial carnivores, 
Thylacoleo carnifex (Thylacoleonidae) and Thylacinus cynocephalus 
(Thylacinidae). Australian Mammalogy, vol. 8, pp. 45-52. 
Chappell, J. (1985). Dating the past, and Australia's environmental future. Search, vol. 
16, pp. 216-219. 
Chappell, J. (1991). Late Quaternary environmental changes in eastern and central 
Australia, and their climatic interpretations. Quaternary Science Reviews, vol. 10, 
pp. 377-390. 
Chappell, J. and Grindrod, A. (1983). Proceeding of the First Climanz Conference, 
February 1981. Department of Biogeography and Geomorphology, ANU, 
Canberra. 
Chittleborough, D.J., Walker, P.H. and Oades, J.M. (1984). Textural differentiation in 
chronosequences from eastern Australia, 1. Descriptions, chemical properties and 
micromorphologies of soils. Geoderma, vol. 32, pp. 181-202. 
Clark, R.L. (1986). The fire history of Rotten Swamp, ACT. ACT Parks and 
Conservation Service Report, pp. 1-21. 
Clemens, W.A. (1989). 14. Diagnosis of the Class Mammalia. Pp. 401-406 in Walton, 
D.A. and Richardson, B.J. (ed). Fauna of Australia, Volume JB Mammalia. 
Australian Government printing Service, Canberra 
Cohen, S. (1993). Burial Site Bones Baffle the Boffins. GEO Australasia, vol. 15, pp. 
52-61. 
Colhoun, E.A. (1985). Glaciations of the West Coast Range, Tasmania. Quaternary 
Research, vol. 24, pp. 39-59. 
Colhoun, E.A., Van De Geer, G., Fitzsimons, S.T. and Reusser, L.E. (1994). 
Terrestrial and marine records of the Last Glaciation from western Tasmania: do 
they agree? Quaternary Science Reviews, vol. 13, pp. 293-300. 
Cosgrove, R., Allen, J. and Marshall, B. (1990). Palaeo-ecology and Pleistocene human 
occupation in south central Tasmania. Antiquity, vol. 64, pp. 59-78. 
Costin, A.B. (1954). A Study of the Ecosystems of the Monaro Region of New South 
Wales. Pettifer Government Printers, Sydney, pp. 1-860. 
Costin, A.B. (1971). Vegetation, soils and climate in late Quaternary southeastern 
Australia. Pp. 26-37 in Mulvaney, D.J. and Golsen, J. (eds). Aboriginal man and 
environment in Australia. ANU Press, Canberra. 
Costin, A.B. (1972). Carbon-14 dates from the Snowy Mountains area, southeastern 
Australia, and their interpretation. Quaternary Research, vol. 2, pp. 579-590. 
Costin, A.B. and Polach, H.A. (1971). Slope deposits in the Snowy Mountains, 
southeastern Australia. Quaternary Research, vol. 1, pp. 228-235. 
Costin, A.B. and Polach, H.A. (1973). Age and significance of slope deposits, Black 
Mountain, Canberra. Australian Journal Soil Research, vol. 11, pp. 13-25. 
Costin, A.B., Gray, M., Totterdell, C.J. and Wimbush, D.J. (1979). Koskiosko Alpine 
Flora. Collins, Sydney, pp. 1-408. 
319 
References 
Coventry, R.J. (1976). Abandoned shorelines and the Late Quaternary history of Lake 
George, New South Wales. Journal of the Geological Society of Australia, vol. 23, 
pp. 249-273. 
Coventry, R.J. and Walker, P.H. (1977). Geomorphological significance of Late 
Quaternary deposits of the Lake George area, NSW. Australian Geographer, vol. 
13, pp. 369-376. 
Craft, F.A. (1933). The surface history of Monaro, N.S.W. Linnean Society of New 
South Wales, Proceedings. vol. 58, pp. 229-244. 
Dansie, L.K. (1992). Stratigraphy and Palaeontology of Teapot Creek, Sherwood and 
Boco Stations, near Nimmitabel, N.S.W. BSc Hons. Thesis, Geology 
Department, Australian National University, Canberra. 
David, B. (1990). How was this bone burnt? Pp. 65-79 in Solomon, S., Davidson, I. 
and Watson, D. (eds). Problem Solving in Taphonomy. University of 
Queensland, St. Lucia, Queensland. 
Davis, A.C. (1989). Palaeontological analysis of a Late Quaternary venebratefaunafrom 
Pilot Creek, near Cooma, south eastern New South Wales. Grad. Dip. Appl. Sci. 
(Geology) Thesis, University of Canberra. 
Davis, A.C. and Ride, W.D.L. (in press, 1996). Proposed conservation of the generic 
name Procoptodon Owen, 1874 and the two specific names P. rapha Owen, 1874 
and P. pusio Owen, 187 4 (Macropodidae, Marsupialia) by the suppression of 
Halmaturotherium Krefft, 1872, Halmatutherium Krefft, 1873, Halmaturus scottii 
Krefft, 1870 and Halmaturus thomsonii Krefft, 1870. Bulletin of Zoological 
Nomenclature. 
Davis, A.C. and Van Tets (in prep.). Tasmanian Native-hen Gallinula mortierii: a 
Holocene record near Cooma, New South Wales. 
Dawson, L. (1981 ). The status of taxa of extinct giant wombats (Vombatidae: 
Marsupialia) and considerations of vombatid phylogeny. Australian Mammology, 
vol. 4, pp. 65-79. 
Dawson, L. (1982a). Marsupial Fossils from Wellington Caves, New South Wales. 
Unpublished PhD Thesis, University of New South Wales. 
Dawson, L. (1982b). Taxonomic status of fossil devils (Sarcophilus, Dasyuridae, 
Marsupialia) from Late Quaternary eastern Australian localities. Pp. 517-525 in 
Archer, M. (ed) Carnivorous Marsupials, vol. 2, Royal Zoological Society of New 
South Wales, Sydney. 
Dawson, L. (1982c). Taxonomic status of fossil thylacines (Thylacinus, Thylacinidae, 
Marsupialia) from Late Quaternary eastern Australian localities. Pp. 527-536 in 
Archer, M. (ed) Carnivorous Marsupials, vol. 2, Royal Zoological Society of New 
South Wales, Sydney. 
Dawson, L. (1983a). The taxonomic status of small fossil wombats (Vombatidae: 
Marsupialia) from Quaternary deposits, and of related modern wombats. 
Proceedings Linnean Society New South Wales, vol. 107, pp. 101-123. 
Dawson, L. (1983b). On the uncertain generic status and phylogenetic relationships of 
the large extinct vombatid species Phascolomys medius Owen, 1872 (Marsupialia: 
Vombatidae). Australian Mammology, vol. 6, pp. 5-13. 
Dawson, L. (1985). Marsupial fossils from Wellington Caves, New South Wales; the 
historic and scientific significance of the collections in the Australian Museum. 
Records of the Australian Museum, vol. 37, pp. 55-69. 
320 
Re erences 
Dawson, L. (1988). Vombatidae. Pp. 48-50 in Walton, D.W. (executive editor) 
Zoological Catalogue of Australia, Volume 5: Mammalia. Australian Government 
Publishing Service, Canberra. 
Dawson, L., (1995). Biostratigraphy and biochronology of sediments from the Bone 
Cave, Wellington Caves, NSW, based on vertebrate fossil remains. Abstract p. 4, 
Quaternary Symposium, Linnean Society of New South Wales, 4-6 December, 
1995. 
Dawson, L. and Flannery, T. (1985). Taxonomic and phylogenetic status of living and 
fossil kangaroos and wallabies of the genus Macropus Shaw (Macropodidae: 
Marsupialia), with a new subgeneric name for the larger wallabies. Australian 
Journal of Zoology, vol. 33, pp. 437-498. 
Dawson, T.J. (1995). Kangaroos - biology of the largest marsupials. UNSW Press, 
Sydney, pp. 1-162. 
De Deckker, P. (1982). Holocene history of four maar lakes in SE Australia, illustrated 
by the recovery of ostracods and other invertebrate and fish remains. Proceedings 
Royal Society Victoria, vol. 44, pp. 183-220. 
Dodson, J.R. (1986). Holocene vegetation and environments near Goulburn, New South 
Wales. Australian Journal Botany, vol. 34, pp. 231-249. 
Dodson, J.R. (1987). Mire development and environmental change, Barrington Tops, 
New South Wales, Australia. Quaternary Research, vol. 27, pp. 73-81. 
Dodson, J.R. (1989). Late Pleistocene vegetation and environmental shifts in Australia 
and their bearing on faunal extinctions. Journal of Archaeological Science, vol. 16, 
pp. 207-217. 
Dodson, J., Fullagar, R., Furby, J., Jones, R. and Prosser, I. (1993). Humans and 
megafauna in a late Pleistocene environment from Cuddie Springs, north western 
New South Wales. Archaeology in Oceania, vol. 28, pp. 94-99. 
Dovey, L. (1984). Murrumbidgee Gorge Nature Reserve Proposal. S.E. Region 
National Parks and Wildlife Service, Queanbeyan, unpublished report. 
Dun, W.S . (1900). Annual report of the palaeontologist for 1899. Annual Report 
Department of Mines, New South Wales for 1899, pp. 206-209. 
Dufty, A.C. (1994). Habitat and spacial requirements of the Eastern Barred Bandicoot 
(Perameles gunnii) at Hamilton, Victoria. Wildlife Research, vol. 21, pp. 459-
472. 
Edgar, R. (1983). Spotted-tailed Quoll. Pp. 18-19 in Strahan, R. (ed). Complete Book 
of Australian Mammals. First Edition, Angus and Robertson, Sydney. 
Eggleton, R.A., Foudoulis, C. and Varkevisser, D. (1987). Weathering of basalts: 
changes in rock chemistry and mineralogy. Clays and Clay Minerals, vol. 35, pp. 
161-169. 
Eskine, W.D. and Melville, M.D. (1984). Sediment movement in a discontinuous gully 
system at Boro Creek, Southern Tablelands, NSW. Pp. 197-204 in Loughran R.J. 
(ed) Drainage basin erosion and sedimentation. University of Newcastle, NSW. 
Eskine, W.D. and Melville, M.D. (1995). Problems in determining the Holocene alluvial 
history of Wollombi Brook, N.S.W. Program and Abstracts, 2nd ANZ meeting on 
Quaternary Dating, Australian National University, Canberra, I-3rd February 
1995, p. 16. 
Etheridge, R. (1892). Notes made at the Kybeyan Caves, Parish of Throsby, County of 
Beresford in October 1890. Records Geological Survey New South Wales, vol. 3, 
pp. 21-24. 
Eyles, R.J. (1977a). Birchams Creek: the transition from a chain of ponds to a gully. 
Australian Geographical Studies, vol. 15, pp. 146-157. 
321 
Re erences 
Eyles, R.J. (1977b). Changes in drainage networks since 1820, Southern Tablelands, 
N.S.W. Australian Geographer, vol. 13, pp. 377-386. 
Feary, S., Boote, P., Davis A.C., Pardoe, C. Taylor, G. (in prep.): Aboriginal burial 
with Kangaroo Tooth Grave Goods, near Bunyan, southeastern New South Wales. 
Finch, E. (1971). Thylacoleo, marsupial lion or marsupial sloth? Australian Natural 
History, March, pp. 7-11. 
Fiorillo, A.R. (1989) An experimental study of trampling: Implications for the fossil 
record. Pp. 61-72 in Bonnichsen, R. and Sorg, M.H. (eds) Bone Modification. 
Center for the Study of the First Americans, Maine. 
Flannery, T.F. (1980). Macropus munjabus, a new kangaroo (Mars·upialia: 
Macropodidae) of uncertain age fron Victoria, Australia. Australian Mammalogy, 
vol. 3, pp. 35-51. 
Flannery, T.F. (1981). A review of the genus Macropus, the living Grey Kangaroos and 
their fossil allies. M. Sc. Thesis. Earth Sciences, Monash University, Clayton, 
Victoria. 
Flannery, T.F. (1984). Re-examination of the Quanbun Local Fauna, a Late Cenozoic 
vertebrate fauna from Western Australia. Records of the Western Australian 
Museum, vol. 11, pp. 119-128. 
Flannery, T.F. (1989). Phylogeny of the Macropodoidea; a study in convergence. Pp. 1-
46 in Grigg, G., Jarman, P. and Hume, I. (eds) Kangaroos, Wallabies and Rat-
Kangaroos. Surrey Beatty and Sons, NSW. 
Flannery, T.F. (1990). Pleistocene faunal loss: implications of the aftershock for 
Australia's past and future. Archaeology in Oceania, vol. 25, pp. 45-67. 
Flannery, T.F. (1992). New Pleistocene marsulials (Macropodidae, Diprotodontidae) 
from subalpine habitats in Irian Jaya, Indonesia. Alcheringa, vol. 16, pp. 321-
331. 
Flannery, T.F. (1994a). The Future Eaters. Reed Books, Sydney, pp. 1-423. 
Flannery, T.J. (1994b). The fossil land mammal record of New Guinea: a review. 
Science in New Guinea, vol. 20, pp. 39-48. 
Flannery, T.F. and Archer, M. (1982). The taxonomy and distribution of Macropus 
(Fissuridon) pearsoni(Marsupialia: Macropodidae). Australian Mammalogy, vol. 5, 
pp. 261-265. 
Flannery, T.F. and Archer, M. (1985). Palorchestes Owen, 1874. Large and small 
palorchestids. Pp. 234-239 In: P.V. Rich and G.V. Van Tets (eds), Kadimakara 
Extinct Vertebrates of Australia, Pioneer Design Studio, Lilydale Victoria. 
Flannery, T.F. and Gott, B. (1984). The Spring Creek Locality, southwestern Victoria, a 
late surviving megafaunal assemblage. The Australian Zoologist, vol. 21, pp. 385-
422. 
Flannery, T.F. and Hope, J. (1983). Occurence of the extinct macropodid marsupial 
Simosthenurus maddocki in New South Wales. Australian Mammology, vol. 6, 
pp. 37-39. 
Flannery, T.F., Mountain, M-J., and Aplin, K. (1983). Quaternary kangaroos 
(Macropodidae: Marsupialia) from Nombe Rock Shelter, Papua New Guinea, with 
comments on the nature of megafaunal extinction in the New Guinea Highlands. 
Proceeding of the Linnean Society of New South Wales, vol. 102, pp. 77-99. 
Flannery, T.F. and Pledge, N. (1987). Specimens of Warenja wakefieldi (Vombatidae: 
Marsupialia) from the Pleistocene of South Australia. Pp. 365-368 in Archer, M. 
(ed.) Possums and opossums: studies in evolution. Surrey and Beatty & Sons and 
Royal Zoological Society of New South Wales, Sydney. 
322 
References 
Flood, J. (1973). Pleistocene human occupation and extinct fauna in Clogg's Cave, 
Buchan, south-eastern Australia. Nature, vol. 246, pp. 303. 
Flood, J. (1974). Pleistocene man at Clogg's Cave: His tool kit and environments. 
Mankind, vol. 9, pp. 175-188. 
Flood, J. (1980). The Moth Hunters - Aboriginal Prehistory of the Australian Alps. 
Australian Institute of Aboriginal Studies, Canberra, pp. 1-388. 
Flood, J., David, B., Magee, J. and English, B. (1987). Birrigai: a Pleistocene site in the 
south-eastern highlands. Archaeology in Oceania, vol. 22, pp. 9-26. 
Flower, W.H. (1868). On the Development and Succession of the Teeth in the 
Marsupialia. Philosophical Transactions of the Royal Society of London, vol. 157, 
pp. 631-141. 
Flower, W.H. (1869). Remarks on the homologies and notation of the teeth of the 
Mammalia. Journal of Anatomy and Physiology, vol. 3, pp. 262-278. 
Foudoulis, C. (1982). Basalts of the Murrumbucca Area, NSW. Graduate Diploma 
Thesis, Canberra College of Advanced Education. 
Frakes, L.A., McGowran, B. and Bowler, J.M. (1987). Evolution of Australian 
Environments. Pp. 1-16 in Dyne, G.R. (ed). Fauna of Australia Volume IA 
General Articles. Australian Government Publishing Service, Canberra. 
Freedman, L. (1967). Skull and tooth variation in the genus Perameles. Part 1: 
Anatomical features. Records Australian Museum, vol. 27, pp. 147-166. 
Freedman, L. and Joffe, A.D. (1967a). Skull and teeth variations in the genus 
Perameles. Part 2: Metrical features of P. nasuta. Records Australian Museum, vol. 
27, pp. 183-195. 
Freedman, L. and Joffe, A.D. (1967b). Skull and teeth variations in the genus 
Perameles. Part 3: Metrical features of P. gunnii and P. bougainville. Records 
Australian Museum, vol. 27, pp. 197-212. 
Freedman, L. and Rightmire, G.P. (1971). Skull and tooth variation in Australian 
bandicoots (Peramelidae, Marsupialia): the genus Isoodon and multivariate 
comparisons with Perameles. Journal of the Royal Society of Western Australia, 
vol. 54, pp. 21-31. 
Frith, H.J. (1979). Wildlife Conservation. Revised. Angus and Robertson, Australia. 
Furby, J. (1995). Megafauna under the microscope: archaeology and palaeoenvironments 
at Cuddie Springs. Unpublished PhD Thesis, School of Geography, University of 
NSW, Sydney. pp. 1-392. 
Galloway, R.W. and Jennings, J.N. (1972). Notes on cold climate geomorphology in 
the Snowy Mountains of New South Wales. Proceedings from the 10th Conference 
Institute of Geographers, Canberra. 
Gaunt, W.A. (1955). The development of the molar pattern of the mouse (Mus 
musculus). Acta Anatomica, vol. 24, pp. 249-268. 
George, G.G., Dixon, J. Challis, G., and Laney, R.C. (1990). The taxonomy and 
palaeontology of the Eastern Barred Bandicoot: their bearing on management of the 
Victorian population. Pp. 33-46 in Clark, T.W. and Seebeck, J.H. (eds) 
Management and Conservation of Small Populations, Chicago Zoological Society, 
Illinois. 
Gill, E.D. (1953). Geological evidence in western Victoria relative to the antiquity of the 
Australian aborigines. Memoirs of the National Muse um of Victoria, vol. 18,pp. 
25-92. 
Gillespie, R. (1986). Radiocarbon user's handbook. Oxford University Committee for 
Archaeology, 
323 
References 
Gillespie, R., Horton, D.R., Ladd, P., Macumber, P.O., Rich, T.H., Thorne, R. and 
Wright, R.V.S. (1978). Lancefield Swamp and the Extinction of the Australian 
Megafauna. Science, vol. 200, pp. 1044-1048. 
Gillieson, D., Spate, A. and Head, J. (1985). Evidence for cold-climate processes at 
Wombeyan Caves, Southern Tablelands, NSW. Search, vol. 16, pp. 46-47. 
Glauert, L. (1910). The Mammoth Cave. Records of the Western Australian Museum, 
vol. 1, pp. 11-36. 
Glen, R.A. (1994). Structural Geology. pp. 121-130 in Lewis, P. C., Glen, R.A., Pratt, 
G.W. and Clarke, I. (1994). Bega-Mallacoota 1:250000 Geological Sheet SJ/55-4, 
SJ/55-8: Explanatory Notes. Geological Survey New South Wales, Sydney. 
Godsell, J. (1982). The population ecology of the Eastern Quoll Dasyurus viverrinus 
(Dasyuridae, Marsupialia), in southern Tasmania. Pp. 199-207 in Archer, M. (ed). 
Carnivorous Marsupials. Royal Zoological Society New South Wales, Sydney. 
Gordon, G. and Hulbert, A.J. (1989). Peramelidae. Pp. 603-624 in Walton, D.W. and 
Richardson, B.J. (eds) Fauna of Australia, Volume JB. Mammalia. Australian 
Government Publishing, Canberra. 
Gorecki, P.P., Horton, D.R., Stem, N. and Wright, R.V.S. (1984). Coexistence of 
humans and megafauna in Australia: improved stratified evidence. Archaeology in 
Oceania, vol. 19, pp. 117-119. 
Gorter, J.D. (1977). Fossil marsupials from the Douglas Cave, near Stuart Town, New 
South Wales. Journal and Proceedings, Royal Society of New South Wales, vol. 
110, pp. 139-145. 
Goudie, A.S. (1983). Calcrete. Pp. 93-130 in Goudie, A.S. and Pye, K. (eds) Chemical 
Sediments and Geomorphology: Precipitates and residual in the near-surface 
environment. Academic Press, London. 
Grant, T.R. (1992). The historical and current distribution of the platypus, 
Ornithorhynchus anatinus, in Australia. Pp. 232-254 in Augee, M.L. (ed). 
Platypus and Echidnas. Royal Zoological Society of N.S.W., Sydney. 
Guiler, E. (1992). The Tasmanian Devil. St. David's Park Publishing, Hobart. Pp. 1-28. 
Gupta, S.K. and Polach, H.A. (1985). Radiocarbon Dating Practices at ANU. ANU, 
Canberra, pp. 17 6. 
Hall, L.S. (1975). A Recent bone deposit at Marble Arch, N.S.W. Australian 
Speleological Federation Proceedings 10th Biennial Conference, December 1974, 
University of Queensland, pp. 35-46. 
Happold, D.C.D. (1983). Broad-toothed Rat, Mastacomys fuscus. P. 423 in Strahan, R. 
(ed.) Complete Book of Australian Mammals. Angus and Robertson, Sydney. 
Happold, D.C.D. (1989). Small mammals of the Australian Alps. Pp: 221-240 in Good, 
R. (ed.). The Scientific Significance of the Australian Alps. Australian Alps Liason 
Committee, Canberra. 
Hancock, W.K. (1972). Discovering Monaro: A Study of Man's impact on his 
Environment. Cambridge University Press, London, pp. 1-209. 
Hill, R.S. (1994). History of the Australian vegetation: Cretaceous to Recent. Cambridge 
University Press, pp.1-433. 
Hills, E.S. (1941). Fossil Murray Cod (Maccullochella macquariensis) from 
diatomaceous earths in New South Wales. Records of Australian Museum, vol. 21, 
pp. 380-382. 
Hocking, G.J. (1990). Status of bandicoots in Tasmania. Pp. 61-66 in Seebeck, J.H., 
Brown, P.R., Wallis, R.L., and Kemper, C.M. (eds) Bandicoots and Bilbies. 
Surray Beatty and Sons, Sydney. 
324 
References 
Hooijer, D.A. (1950). The study of subspecific advance in the Quaternary. Evolution. 
vol. 4, pp. 360-361. 
Hope, G.S. (1984). Australian environmental change: timing, directions, magnitudes and 
rates. Pp. 681-690 in Martin, P.S. and Klein, R.G. (eds) Quaternary Extinctions: a 
prehistoric revolution. Unversity of Arizona Press, Tuscon. 
Hope, G.S. (1989). Climatic implications of timberline changes in Australasia from 
30,000 B.P. to present. Pp. 91-99 in Donnelly, T.H., and Wasson, R.J. (eds) 
CL/MANX 3, Proce~dings of the Third Symposium on the late Quaternary 
Climatic History of Australasia. CSIRO Division of Water Resources, Canberra. 
Hope, G.S. (1993). Was the onset of the Last Glacial a sudden event? Comments on the 
data. Quaternary Australasia Papers, vol. 11(1), pp. 44·and 95-96. 
Hope, G.S. (1994a). Quaternary vegetation. Pp. 368-389 in Hill, R.S. (ed). History of 
the Australian vegetation: Cretaceous to Recent. Cambridge University Press. 
Hope, G.S. (1994b). Comments on ODP Site 820 and the inference of early human 
occupation in Australia. Quaternary Australasia Papers, vol. 12, pp. 32-******* 
Hope, J.H. (MS. nd). Quaternary fossil mammal localities in southeastern New South 
Wales and eastern Victoria. Unpublished manuscript, no date. 
Hope, J.H. (1972). Appendix 2. In Allen, H. Where the crow flies backwards: Man and 
land in the Darling Basin. Unpublished PhD thesis, Australian National University, 
Canberra. 
Hope, J.H. (1973). Mammals of the Bass Strait Islands. Proceedings Royal Society 
Victoria, vol. 85, pp. 163-196. 
Hope, J.H. (1982a). Fossil vertebrates from Wombeyan Caves. Pp. 155-164 in Dyson, 
H.J., Ellis, R., and James, J.M. (eds). Wombeyan Caves. The Sydney 
Speleological Society, Sydney. 
Hope, J.H. (1982b). Late Cainozoic vertebrate faunas and the development of aridity in 
Australia. pp. 85 .. 100 in Barker, W.R. and Greenslade, P.J.M. (eds). Evolution of 
the flora and fauna of arid Australia. Peacock Press, Frewville, South Australia. 
Hope, J.H., Lampert, R.J., Edmonson, E., Smith, M.J. and Van Tets, G.F. (1977). 
Late Pleistocene fauna! remains from Seton Rock Shelter, Kangaroo Island, South 
Australia. Journal of Biogeography, vol. 4, pp. 363-385. 
Hope, J.H. and Wilkinson, H.E. (1982). Warendja wakefieldi, a new genus of wombat 
(Marsupialia, Vombatidae) from Pleistocene sediments of McEacherns Cave, 
western Victoria. Memoirs of the National Museum Victoria, vol. 43, pp. 109-121. 
Hopwood, T.P. (1976). Stratigraphy and structural summary of the Cooma Metamorphic 
Complex. Journal Geological Society of Australia. vol. 23, pp. 345-360. 
Horton, D.R. (1976). Lancefield: the problem of proof in bone analysis. The Artifact, 
vol. 1, pp. 129-143. 
Horton, D.R. and Wright, J. (1978). Palaeopathology of a fossil macropod population. 
Australian Journal of Zoology, vol. 26, pp. 279-292. 
Horton, D.R. and Wright, R.V.S. (1981). Cuts on Lancefield Bones: Carnivorous 
Thylacoleo, not humans, the cause. Archaeology in Oceania, vol. 16, pp. 73-80. 
Jackson II, R.G. (1978). Preliminary evaluation of lithofacies models for meandering 
alluvial streams. Pp. 543-576 in Miall, A.D. (ed.) Fluvial Sedimentology. 
Canadian Society Petrolium Geologists, Calgary. 
Johnston, P.G. and Sharman, G.B. (1979). Electrophoretic, chromosomal and 
morphometric atudues on the red-necked wallaby, Macropus rufogriseus 
(Desmarest). Australian Journal of Zoology, vol. 27, pp. 433-441. 
325 
Re(erences 
Kamminga, J., Paton, R. and Macfarlane, I. (1989). Archaeological investigations in the 
Thredbo Valley, Snowy Mountains. ANUTECH: Canberra, pp. 1-132. 
Kellett, J.R. (1981). Hydrological investigations of two basins at Lanyon, ACT, 1974-
1976. Bureau of Mineral Resources, Geology and Geophysics, Record 1981/61. 
Kemper, C. (1990). Status of bandicoots in South Australia. Pp. 67-72 in Seebeck, 
J.H., Brown, P.R., Wallis, R.L., and Kemper, C.M. (eds) Bandicoots and 
Bilbies. Surray Beatty and Sons, Sydney. 
Kershaw, A.P. (1989). was there a 'Great Australian Arid Period'? Search, vol. 20, pp. 
89-92. 
Kershaw, A.P., D'Costa, D.M., McEwen Mason, J.R.C., and Wagstaff, B.E. (1991). 
Palynological evidence for Quaternary vegetation and environments of mainland 
southeastern Australia. Quaternary Science Reviews, vol. 10, pp. 391-404. 
Kershaw, A.P., Southern, W., Williams, J.M. and Joyce, L.J. (1983). The vegetation 
record of the southeastern highlands of mainland Australia. Pp. 80-81 in Chappell, 
J.M.A. and Grinrod, A. (e<ls), Proceedings of the First CUMANZ Conference, 
Howmans' Gap, 1981. Department of Biogeography and Geomorphology, ANU, 
Canberra. 
Kirsch, J.A.W. and Poole, W.E. (1972). Taxonomy and distribution of the grey 
kangaroos, M aero pus giganteus Shaw and M aero pus fuliginosus (Desmarest), and 
their subspecies (Marsupialia: Macropodidae ). Australian Journal of Zoology, vol. 
20, pp. 315-339. 
Kitchener, D.J. (1989). Taxonomic apraisal of Zyzomys (Rodentia, Muridae) with 
descriptions of two new species from the Northern Territory, Australia, vol. 14, 
pp. 331-373. 
Klappa, C.F. (1983). A process-response model for the formation of pedogenic 
calcretes. Pp. 211-220. in Wilson, R.C.L. (ed) Residual Deposits: Surface related 
weathering processes and materials. Geological Society Special Publications No 
11. Blackwell Scientific Publications, Oxford. 
Ladd, P.G. (1979). Past and present vegetation on the Delegate River in the highlands of 
eastern Victoria. II Vegetation and climatic history from 12,000 BP to Present. 
Australian Journal Botany, vol. 27, pp. 185-202. 
Ladd, P.G. (1988). The status of Casuarinaceae in Australian forests. Pp. 63-85 in 
Frawley, K.J. and Semple, N. (eds), Australia's Ever Changing Forests. 
Department of Geography and Oceanography, ADFA, Canberra. 
Lampert, R.J. (1971). Burrill Lake and Currarong: Coastal sites in southern New South 
Wales, Terra Australia 1. Department of Prehistory, Research School of Pacific 
Studies, A.N.U., Canberra. 
Leeder, M.R. (1982). Sedmentology, Process and Product. Allen & Unwin, London, 
pp. 1-344. 
Leigh, W.S. (1890). Progress report for 1890. Annual Report of Department of Mines, 
pp. 309-311. 
Leigh, W.S. (1892). Notes on the Rosebrook Caves, near Cooma. Records Geological 
Society New South wales, vol. 3 (1), pp. 77-79. 
Leigh, W.S. and Etheridge, R. (1893). Annual report of Department of Mines and 
Agriculture for 1893, p.134. 
Lewis, P. C., Glen, R.A., Pratt, G.W. and Clarke, I. (1994). Bega-Mallacoota 
1 :250000 Geological Sheet SJ/55-4, SJ/55-8: Explanatory Notes, 148 pp. 
Geological Survey New South Wales, Sydney. 
326 
References 
Logan, B.W., Read, J.F. and Davies, G.R., (1970). History of carbonate 
sedimentation, Quaternary Epoch, Shark Bay, Western Australia. American 
Association Petrology Geological Memoirs, vol. 13, pp. 38-84. 
Lowry, J.W.J. (1972). The taxonomic status of small fossil thylacines (Marsupialia, 
Thylacinidae) from Western Australia. Journal of the Royal Society Western 
Australia, vol. 55, pp. 19-29. 
Luckett, W.P. (1993). An Ontogenetic Assessment of Dental Homologies in Therian 
Mammals. Pp. 182-205 in Szalay, F.S., Novacek, M.J. and McKenna, M.C., 
(eds) - Mammal Phylogeny. Mesozoic Differentiation, Multituberculates, 
Monotremes, Early Therians, and Marsupials. Springer-Verlag, New York. 
Lundelius, E.L. (1960). Post Pleistocene faunal succession in Western Australia and its 
climatic interpretation. International Geological Congress, XXI Session, Norden, 
1960. 
Lundelius, E.L. (1964). Notes on the skulls of two Western Australian rodents with a 
key to the skulls of rodents of southwestern Australia. Journal of the Royal Society 
of Western Australia, vol. 47, pp. 65-71. 
Lundelius, E.L. (1966). Marsupial carnivore dens in Australian Caves. Studies in 
Speleology, vol. 1, pp. 174-179. 
Lundelius, E.L. (1931). Climatic implications of late Pleistocene and Holocene fauna! 
associations in Australia. Alcheringa, vol. 7, pp. 125-149. 
Lundelius, E.L. ( 1989). The implications of disharmonious sssemblages for Pleistocene 
Extinctions. Journal of Archaeological Science, vol. 16, pp. 407-417. 
Lundelius, E.L. and Turnbull, W.D. (1973). The mammalian fauna of Madura Cave, 
Western Australia. Part I. Fieldiana; Geology, vol. 31(1), pp. 1-35. 
Lundelius, E.L. and Turnbull, W.D. (1978). The mammalian fauna of Madura Cave, 
Western Australia. Part III. Fieldiana,· Geology, vol. 38, pp. 1-120. 
Lundelius, E.L. and Turnbull, W.D. (1981). The mammalian fauna of Madura Cave, 
Western Australia. Part IV. Fieldiana; Geology, new series, no. 6, pp. 1-72. 
Lundelius, E.L. and Turnbull, W.D. (1989). The mammalian fauna of Madura Cave, 
Western Australia Part VII: Macropodidae: Shenurinae, Macropodinae, with a 
review of the marsupial portion of the fauna. Fieldiana, Geology, vol. 17, pp. 1-
77. 
Lydekker, R. (1887). Catalogue of the Fossil Mammalia in the British Museum, (Natural 
History). Part 11, Taylor and Francis, London, pp. 1- 345. 
Lyman, R.L. (1994). Vertebrate Taphonomy. Cambridge University Press, pp. 1-524. 
Lyne, A.G. and Mort, P.A. (1981). A comparison of skull morphology in the marsupial 
bandicoot genus lsoodon: its taxonomic implications and notes on a new species, 
Isoodon arnhemensis. Australian Mammology, vol. 4, pp. 107-133. 
Mackness, B. (1993). Studies on the diprotodontid marsupials of Australia 1. Revision 
of the genus Euowenia. Abstract of paper presented at C.A.V.E.P.S. 1993. 
Records of the South Australia Museum, vol. 27, p. 222. 
Mackness, B. (1995). ·A revie'N of late Cainozoic Diprotodontids. Abstract of paper 
presented at C.A.V.E.P.S. 1995. Programme and Abstracts, p. 15. 
Macphail, M.K. and Hope, G.S. (1985). Late Holocene mire development in montane 
southeastern Australia: a sensitive climatic indicator. Search, vol. 15, pp. 344-349. 
Mahoney, J.A. and Richardson, BJ. (1988). Muridae. Pp. 154-192 in Walton, D.W. 
(ed.) Zoological Catalogue of Australia, Vol. 5, Mammalia. Australian Government 
Publishing Service, Canberra. 
327 
Riferences 
Mahoney, J.A. and Ride, W.D.L. (1975). Index to the Genera and Species of Fossil 
mammalia Described from Australia and New Guinea between 1838 and 1968. 
Western Australian Museum, Perth, pp. 1-250. 
Mahoney, J.A. and Ride, W.D.L (1988). Peramelidae. Pp. 36-42 in Walton, D.W. 
(ed.) 'Zoological Catalogue of Australia, Vol. 5, Mammalia. Australian Government 
Publishing Service, Canberra. 
Main, A.R. (1978). Ecophysiology: towards an understanding of Late Pleistocene 
marsupial extinction. Pp. 169-184 in Walker, D. and Guppy, J.C. (eds). Biology 
and Quaternary environments. Australian Academy of Science, Canberra. 
Marcus, L.F. (1962). A new speci~s of Sthenurus (Marsupialia, Macropodidae) from the 
Pleistocene of New South Wales. Records of the Australian Museum, vol. 25, pp. 
299-304. ' 
Marcus, L.F. (1976). The Bingara fauna. A Pleistocene vertebrate fauna from Murchison 
County, NSW, Australia. University of California Publications in Geological 
Sciences, vol. 114, pp. 1-145. 
Marlow, B.J. (1957). A recent record from New South Wales of the Rufous Rat-
kangaroo, Aepyprymnus rufescens (Gray) (Macropodidae). CS/RO Wildlife 
Research, vol. 2, pp. 166-167. 
Marlow, B.J. (1958). A survey of the marsupials of New South Wales. CS/RO Wildlife 
Research, vol. 3, pp. 71-114. 
Marshall, L.G. (1972). The Lake Victoria Local Fauna: A Late Pleistocene-Holocene 
fauna from Lake Victoria, Southwestern New South Wales, Australia. 
Unpublished Masters Thesis, Zoology Department, Monash University, Victoria. 
Marshall, L.G. (1973). Fossil vertebrate faunas from the Lake Victoria region, S.W. 
New South Wales, Australia. Memoirs of the National Museum of Victoria, vol. 
43, pp. 151-172. 
Marshall, L.G. (1974). Late Pleistocene mammals from the 'Keilor Cranium Site', 
southern Victoria, Australia. Proceedings of the Royal Society of Victoria, vol. 85, 
pp. 63-86. 
Marshall, L.G. (1989). Bone Modification and "the Laws of Burial". Pp. 7-23. in 
Bonnichsen, R. and Sorg, M.H. (eds) Bone Modification. Peopling of the 
Americas Publications Center for the Study of the First Americans, University of 
Maine, Orono, Maine. 
Marshall, L.G. and Corruccini, S. (1978). Variability, evolutionary rates, and allometry 
in dwarfing linages. Palaeobiology, vol. 4, pp. 101-119. 
Marshall, B. and Cosgrove, R. (1990). Tasmanian Devil (Sarcophilus harrisii) scat-bone: 
signature criteria and archaeological implications. Archaeology in Oceania, vol. 25, 
pp. 102-113. 
Martin, A.R.H. ( 1986). Late glaci~l and Holocene Alpine pollen diagrams from the 
Koskiosko National Park, New South Wales, Australia. Review of Palaeobotany 
and Palynology, vol. 47, pp. 367-409. 
Massola, A. (1971). The Aborigines of South-eastern Australia: As They Were. The 
Griffin Press, Adelaide, pp. 1-166. 
Mayr, E. (1963). Animal species and evolution. Belknap Press, Cambridge, Mass, 797 
pp. 
McEvoy, J.S. and Kirkpatrick, T.H. (1971). Mammals and birds of Booringa Shire, 
Queensland. Queensland Journal of Agricultural and Animal Sciences, vol. 28, pp. 
167-178. 
328 
References 
McEwen Mason, J.R.C. (1991). The late Cainozoic magnetostratigraphy and preliminary 
palynology of Lake George, New South Wales. Pp. 195-209 in Williams, M.A.J., 
DeDeckker, P., and Kershaw, A.P. (eds), The Cainozoic of the Australian region: 
a reassessment of the evidence Geological Society of Australia Special Publication 
No.18. 
McNamara, G.C. and Baird, R.F. (1991). A Late Pleistocene geographical range 
extension for Gallinula mortierii (Aves, Gruiformes, Rallidae): Wyandotte 
Formation, northern Queensland. A/cheringa, vol. 15. 
McQueen, K.G. (ed.) (1994). The Tertiary geology and geomorphology of the Monaro: 
the perspective in 1994. Centre for Australian Regolith Studies Occassional 
Publications, No. 2, 61 pp. 
Menkhorst, P.W. and Seebeck, J.H. (1981). The distribution, habitat and status of 
Pseudomys fumeus Brazenor (Rodentia: Muridae). Australian Wildlife Research, 
vol. 8, pp. 87-96. 
Menkhorst, P.W. and Seebeck, J.H. (1990). Distribution and conservation status of 
bandicoots in Victoria. Pp. 51-60 in Seebeck, J.H., Brown, P.R., Wallis, R.L., 
and Kemper, C.M. (eds) Bandicoots and Bilbies. Surray Beatty and Sons, 
Sydney. 
Merchant, J.C. (1983). Agile Wallaby. Pp. 242-243 in Strahan, R. (ed) The Australian 
Museum Complete Book of Australian Mammals, Angus and Robertson, Sydney. 
Merrilees, D. (1967). Cranial and mandibular characters of modern mainland wombats 
from a palaeontological viewpoint and their bearing on the fossils called 
Phasco/omys parvus by Owen, 1872. Records South Australian Museum, vol. 15, 
pp. 399-418. 
Merrilees, D. (1968b). Man- the destroyer: late Quaternary changes in the Australian 
marsupial fauna. Journal of Royal Society Western Australia, vol. 51, pp. 1-24. 
Miall, A.D. (1978). Lithofacies types and vertical profile models in braided river 
deposits: a summary. Pp: 597-604 in Miall, A.D. (ed). Pluvial Sedimento/ogy. 
Canadian Society of Petroleum Geologists, Calgary, Alberta. 
Miller, G.S. (1912). Catalogue of the Mammals of Western Europe (Europe exclusive of 
Russia) in the collection of the British Museum London. British Museum. 
Milnes, A.R. (1992). Chapter 13, Calcrete. Pp. 309-347 in Martini, l.P. and 
Chestworth, W. (~ds). Developments in earth surface processes, weathering, soils 
and palaeosols. Elsevier, Amsterdam. 
Milnes, A.R. and Hutton, J.T. (1983). Calcretes in Australia. Pp. 119-162 in CSIRO, 
Division of Soils (ed). Soils: an Australian viewpoint. CSIRO Academic Press, 
Melbourne. 
Misonne, X. (1969). African and lndo-Australian Muridae: evolutionary trends. Annales 
Musee Royale de L'Afrique Centrale, Tervuren, Belgique, Science, Zoology, vol. 
172, pp. 1-220. 
Morris, D. (1992). Analysis of a late Quaternary small mammalfaunafromNettle Cave, 
Jeno/an Caves, NSW. Unpublished BSc (Hons) thesis, School of Biological 
Sciences, University of New South Wales. 
Morris, D., Augee, M.L., Gillieson, D. and Head, J. (1995). Analysis of a Late 
Quaternary Small Mammal Fauna from Nettle Cave, Jenolan, New South Wales. 
Abstract, Quaternary Symposium, Wellington Caves, 4-6 December, 1995, p. 5. 
Murray, P. (1984 ). Extinctions Down under: a bestiary of extinct Australian monotremes 
and marsupials. Pp. 600-628 in Martin, P.S. and Klein, R.G. (eds). Quaternary 
Extinctions, a Prehistoric revolution. University of Arizona Press, Tuscon. 
329 
References 
Murray, P. (1991). The Pleistocene Mcgafauna of Australia. Pp. 1071-1164 in Vickers-
Rich, P., Monaghan, J.M., Baird, R.F. and Rich, T.H. (eds). Vertebrate 
Palaeontology of Australasia. Pioneer Design Studio, Melbourne. 
Murray, P. and Goede, A. (1977). Pleistocene vertebrate remains from a cave near 
Montagu, N.W. Tasmania. Records of the Queen Victoria Museum, vol. 60, pp. 1-
30. 
Nanson, G.C. (1986). Episodes of v~rtical accretion and catastrophic stripping: a model 
of disequilibrium flood-plain development. Geological Society of America Bulletin, 
vol. 97, pp. 1467-1475. 
Nanson, G.C. and Young, R.W. (1987). Comparisons of thermoluminescence and 
radiocarbon age-determinations from Late Pleistocene alluvial deposits near 
Sydney, Australia. Quaternary Research, vol. 27, pp. 263-269. 
Netterberg, F. (1978). Dating and correlation of calcretes and other pedocretes. 
Transactions Geological Society South Africa, vol. 81, pp. 379-391. 
Northcote, K.H. (1979). A Factual Key for the Recognition of Australian Soils. Fourth. 
Rellim Technical Pub., Adelaide, pp. 1-123. 
Oliver, J.S. (1989). Analogues and site context: Bone damages from shield trap Cave 
(24CB91), Carbon County, Montana, USA. pp. 73-98 in Bonnichsen, R. and 
Sorg, M.H. (eds) Bone Modification. Center for the Study of the First Americans, 
Maine. 
Ollier, C.D. and Taylor, D. (1988). Major geomorphic features of the Koskiosko-Bega 
region. BMR Journal Austraiian Geology and Geophysics, vol. 10, pp. 357-362. 
Ollier, C.D. and Wyborn, D. (1989). Geology of Alpine Australia. Pp: 35-53 in Good, 
R. (ed). The Scientific Significance of the Australian Alps. Australian Alps Liason 
Committee, Canberra. 
Olsen, S.L. (1975). The fossil rails of C.W. De Vis, being mainly an extinct form of 
Tribonyx mortierii from Queensland. The Emu, vol. 75, pp. 49-53. 
Owen, R. (1854). On the structure and homologies of teeth. Notices of the Proceedings 
at the Meetings of the ·Members of the Royal Instititiun, with Abstracts of the 
Discourses delivered at the Evening Meetings, vol. 1, pp. 365-374 
Owen, R. (1858). Odontology. Encyclopaedia Britannica, Eighth Edition, vol. 16, p. 
447. 
Owen, R. (1870). On the fossil mammals of Australia Part III. Diprotodon australis, 
Owen. Philosophical Transactions of the Royal Society, London, vol. 160, pp. 
519-578. 
Owen, R. (1874a). On the fossil mCLTJJ.mals of Australia Part VIII. Family Macropodidae; 
Genera Macropus, Osphranter, Phascolagus, Sthenurus, and Protemnodon. 
Philosophical Transactions of the Royal Society, London, vol. 164, pp. 224-287. 
Owen, R. (1874b). On the fossil mammals of Australia Part IX. Family Macropodidae; 
Genera Macropus, Pachysiagon, Leptosiagon, Procoptodon and Palorchestes. 
Philosophical Transactions of the Royal Society, London, vol. 164, pp. 783-803. 
Owen, R. (1877). Researches on the fossil remains of the extinct mammals of Australia; 
with a notice of the extinct marsupials of England, London Jounal of Erxleben, vol. 
1, 9 pp. 
Page, K.J., Nanson, G.C. and Price, D.M. (1991). Thermoluminesence chronology of 
Late Quaternary deposition on the Riverine Plain of south-eastern Australian. 
Australian Geographer, vol. 22, pp. 14-23. 
330 
Riferences 
Pain, C., Chan, R., Craig, M., Hazell, M., Kamprad, J. and Wilford, J. (1991). 
RTMAP BMR Regolith Database Feild Handbook. Bureau Mineral Resorces, 
Geology & geophysics, Record 1991/29. pp. 1-125. 
Parkinson, G. (ed.) (1986). Atlas of Australian Resources, Third Edition, vol. 4, 
Climate. Division of National Mapping, Canberra, pp. 1-60. 
Peacock, W.J., Dennis, E.S., Elizur, A. and Calaby, J.H. (1981). Repeated DNA 
sequences and kangaroo phylogeny. Australian Journal of Biological Sciences, vol. 
34, pp. 325-340. 
Pillans, B.J. (1974). Sur;7cial geology of the Murrumbidgee-Bredbo Interfluve. B.Sc. 
(Hons) Thesis, Australian National University. 
Pillans, B.J. (1977). An early Tertiary age for deep weathering at Bredbo, southern 
NSW. Search, vol. 8, pp. 81-83. 
Pillans, B. J. (1987). Lake shadows - aeolian clay sheets associated with ephemeral lakes 
in basalt terrain, southern New South Wales. Search, vol. 18, pp. 313-315. 
Pillans, B.J. (1994). The Brunhes/Matuyama Polarity Transition (0.78 Ma) as a 
chronostratigraphic marker in Australian Regolith stiudies. P. 51 in Pain, C.F., 
Craig, M.A. and Campbell, l.D. (eds) Abstracts: Australian Regolith Conference 
'94, Broken Hill, 14-17 Nov. 1994. Australian Geological Survey Organisation, 
Canberra. 
Pillans, B. J. and Wa&er, P. (1995). Landscape and soil development on Monaro Basalt 
west of Nimnritabel, New South Wales. Australian Geographical Studies, vol. 33 
(2), pp. 193-211. 
Pledge, N.S. (1980). Macropodid skeletons, including: Simothenurus Tedford, from an 
unusual "drowned cave" deposit in the south east of South Australia. Records of 
the South Australia ,Uus~wn, vol. 18, pp. 131-141. 
Pledge, N.S (1991). The upper fossil fauna of the Henscke Fossil Cave, Naracoote, 
South Australia. Memoirs of the Queensland Museum, vol. 28, pp. 247-262. 
Polach, H. and Singh, G. (1980). Contemporary 14-C levels and their significance to 
sedimentary history of Bega Swamp, New South wales, Radiocarbon, vol. 22, pp. 
398-409. 
Poole, W.E. (1982). Macropus giganteus. Pp. 1-8 in Mammalian Species No. 187. 
American Society of Ma.111I1alogists. 
Potts, R. and Shipman, P. (1981) Cutmarks made by stone tools on bones from Olduvia 
Gorge, Tanzania. Nature, vol. 291, pp. 577-580. 
Pratt, G.W., Lewis, P.C., Taylor, G., Brown, M.C., Roach, l.C. and McQueen, K.G. 
(1993). The Monaro volcanics of the Cooma District. Geological Survey NSW 
Quarterly Notes, vol. 92, pp. 1-10. 
Prideaux, G. (1994). A small sthenurine kangaroo from a Pleistocene cave deposit, 
Nullarbor Plain, '\Vestem Australia. Transactions of the Royal Society of South 
Australia, vol. 118, pp. 133-138. 
Pridmore, P. (1978). Locomotion and Locomotor Evolution in Monotremes. MSc 
Thesis, Zoology· Dept. Monash University, Clayton, Victoria 
Pridmore, P. (1985). Terrestrial locomotion in monotremes (Mammalia: Monotremata). 
Journal of Zoology, London, vol. 205, pp. 53-73. 
Prosser, LP. (1988). Mechanisms of Drainage Basin Denudation During the Late 
Quaternarj, at Wangrah Creek, Southern Tablelands, New South Wales. PhD 
Thesis, Australian Nationai University, Canberra. 
Prosser, LP. (1990). Fire, humans and denudation at Wangrah Creek, Southern 
Tablelands, Ns·w. Australian Geographical Studies, vol. 28, pp. 77-95. 
331 
References 
Prosser, LP. (1991). A compa....-rison of past and present episodes of gully erosion at 
Wangrah Creek, Southern Tablelands, New South Wales. Australian Geographical 
Studies, vol. 29, pp. 139-154. 
Raine, I.I. (1974). Pollen sedimentation in relation to the Quaternary vegetation history 
of the Snowy Mountains of New South Wales. Ph.D. Thesis, Australian National 
University, Canberra. 
Read, J.F. (1974). Calcrete deposits and Quaternary sediments, Edel Province, Shark 
Bay, Western Australia . .4.merican Association Petrology Geology Memoirs, vol. 
22, pp. 250-282. 
Reineck, H.E., and Singh, LB. (1980). Depositional Sedimentary Environments. 
Springer-Verlag, Berlin, pp. 1-549. 
Rich, T.H. (1991). The History of mammals in Terra Australis. Pp: 893-1070 in 
Vickers-Rich, P., Monaghan, J.M., Baird, R.F. and Rich, T.H. (eds). Vertebrate 
Palaeontology of Australasia. Pioneer Design Studio, Melbourne. 
Ride, W.D.L. (1956). A new fossil Mastacomys (Muridae) and a revision of the genus. 
Proceedings Zoological Society London, vol. 43, pp. 74-80. 
Ride, W.D.L. (1960). The fossil mammalian fauna of the Burramys parvus Breccia from 
the Wombeyan Caves, NS\V. Journal Royal Society Western Australia, vol. 43, 
pp. 74-80. 
Ride, W.D.L. (1964). A review of Austalian fossil marsupials. Journal Royal Society 
Wes tern Australia, vol. 47, pp. 97-131. 
Ride, W.D.L. (1968). On the Past, Present, and Future of Australian Mammals. 
Australian Journal of Science, vol. 31, pp. 1-10. 
Ride, W.D.L. (1970). A guide tu the native mammals of Australia. Oxford University 
press, Melbourne. 
Ride, W.D.L. (1994). The molar/premolar boundary in the macropodiforms; cracking the 
code of molar cusp patterns in the transitional zone. Abstract Published (paper with 
figures in prep.). Records of the South Australian Museum, vol. 27, p. 227. 
Ride, W.D.L., Taylor, G., Walker, P.H. and Davis, A.C. (1989). Z.Oological history of 
the Australian Alps - The mammal fossil-bearing deposits of the Monaro. Pp: 79-
110 in Good, R. (ed). The Scientific Significance of the Australian Alps. Australian 
Alps Liason Committee, Canberra. 
Ridgley, A. (1985). Palaeontology. Hills Speleology Club, vol. 3, pp. 18-27. 
Roberts, R.G., Jones, R. and S1!lith, M.A. (1994). Beyond the radiocarbon barrier in 
Australian prehistory. Antiquity, vol. 68, pp. 611-616. 
Roberts, R.G., Spooner, N.A., Jones, R., Cane, S., Olley, J.M., and Murray, A.S. 
(1995). Luminescence d~ting and radionuclide disequilibria in archaeological 
deposits at Allen's Cave, South Australia. Program and Abstracts 2nd ANZ 
Meeting on Quaternary Dating, held ANU, Canberra, 1-3 Feb, p. 3. 
Rose, R. W. (1986). The habitat, distlibution and conservation status of the Tasmanian 
Bettong, Bettongia gaimardi (Desmarest). Australian Wildlife Research, vol. 13, 
pp. 1-6. 
Rosenfeld, A., Winston-Gregson, J. and Maskell, K. (1983). Excavation at Nursery 
Swamp 2, Gungenby Nature Reserve, A.C.T. Australian Archaeology, vol. 17, 
pp. 48-58. 
Runnegar, B. (1983). A diprotod~:m u~na chewed by the marsupial lion, Thylacoleo 
carnifex. Alcheringa, vol. 7, pp. 23-25. 
Sanson, G.D., Riley, S.J. and Williams, M.A.J. (1980). A late Quaternary Procoptodon 
fossil from Lake George, N~w South Wales. Search, vol. 11, pp. 39-40. 
332 
References 
Schram, F.R. and Turnbull, \V.D. (1970). Structural composition and dental variation in 
the murids of the Broom Cave Fauna, late Pleistocene, Wombeyan Caves area, 
N.S.W., Australia. Records of the Australian Musewn, vol. 28, pp. 1-24. 
Schwarz, E. (1910). On the wallabies usually referred to Macropus agilis, Gould. Annals 
and Magazine Natural History, series 8, vol. 5, pp. 164-166. 
Seddon, G. (1994). Searching for the Snowy - an Environmental History. Allen and 
Unwin, Sydney, pp. 1-336. 
Seebeck, J.H. (1971). Distribution and habitat of the Broadtoothed Rat, Mastacomys 
fuscus Thomas (Rodentia, Muridae) in Victoria. Victorian Naturalist, vol. 88, pp. 
310-323. 
Seebeck, J.H. (1979). Status of the Barred Bandicoot, Perameles gunnii, in Victoria: 
with a note on husbendary of a captive colony. Australian Wildlife Research, vol. 
6, pp. 255-264. 
Seebeck, J.H., Bennett, A.F. and Dufty, A.C. (1990). Status, distribution and 
biogeography of the Eastern Barred Bandicoot, Perameles gunnii in Victoria. Pp. 
21-32 in Clark, T.\V. and Seebeck, J.H. (eds) Managemant and conservation of 
small populations, Chicago Zoological Society, Illinois. 
Shackleton, N.J. and Opdyke, N.D. (1973). Oxygen isotope and palaeomagnetic 
stratigraphy of ~quatorial pacific core V28-238: oxygen isotope temperatures and 
ice volumes on a 1o5 and 106 year scale. Quaternary Research, vol. 3, pp. 39-55. 
Shipman, P. and Rose, J. (1983). Early Hominid hunting, butchering, and carcass-
processing beh2viors: Approaches to the fossil record. Journal of Anthropological 
Archaeology, vol. 2, pp. 57-98. 
Shipman, P. and Rose, J.J. (1988) Bone Tools: an experimental approach. Pp. 303-335 
in Olsen, S.L. (ed) Scanning Electron Microscopy in Archaeology. 
Simpson, G.G., Roe, A: ~nd Lewontin, R.C. (1960). Quantitative Zoology. Revised 
Edition. Harcourt, New York, pp. 1-440. 
Singh, G. (1983a). Late Quaternary vegetation and lake level record from Lake George, 
New South Wales: 18 +/- 2ka. P. 66 in Chappell, J. and Grindrod, A. (eds). 
Proceeding of the First Climanz Conference, February 1981. Department of 
Biogeography and Geomorphology, ANU, Canberra. 
Singh, G. (1983b). Late Quaternary vegetation and lake level record from Lake George, 
New South wales: 15-lOka. P. 85 in Chappell, J. and Grindrod, A. (eds). 
Proceeding of the First Climanz Conference, February 1981. Department of 
Biogeography and Geomorphology, ANU, Canberra. 
Singh, G. and Geissler, E.A., (1985). Late Cainozoic history of fire, lake levels and 
climate at Lake George, New South Wales, Australia. Philosophical Transactions 
of the Royal Society of London, vol. 311, pp. 379-447. 
Singh, G., Kershaw, A.P. and Clark, R. (1981a). Quaternary vegetation and fire history 
in Australia. Pp. 23-54 in Gill, A.M., Groves, C. and Noble, I.R. (eds). Fire and 
the Australian Biota. Australian Academy of Science, Canberra. 
Singh, G., Opdyke., N.D. and Bowler, J.M. (1981b). Late Cainozoic stratigraphy, 
palaeomagrietic chronology and vegetation history from Lake George, NSW. 
Journal of the Geological Society of Australia, vol. 28, pp. 435-452. 
Sleeman, J.R. and Walker, P.H. (1979). The Soils of the Canberra District. Soils and 
Landuse Series, Ne. 58, CS/RO Division of Soils, Canberra, pp. 1-49. 
Smith, M.J. (1971). Small fossil vertebrates from Victoria Cave, Naracoorte, South 
Australia. 1. Potoroinae (Macropodidae), Petauridae and Burramidae (Marsupialia). 
Transactions of the Royal Society of South Australia, vol. 95( 4 ), pp. 185-198. 
333 
References 
Smith, M.J. (1972). Small fossil vertebrates from Victoria Cave, Naracoorte, South 
Australia. II. Peramelidae, Thylacinidae, and Dasyuridae (Marsupialia). 
Transactions of the Royal Society cf South Australia, vol. 96, pp. 125-137. 
Smith, M.J. (1977). Remains of mammals, including Notomys longicaudatus (Gould) 
(Rodentia: Muridae), in owl pellets from the Flinders Ranges, S.A. Australian 
Wildlife Research, vol. 4, pp. 159-170. 
Smith, R.M.H. (1993) Vertebrate taphonomy of Late Permian floodplain deposits in the 
southwestern Karoo Basin of South Africa. PALA/OS, vol. 8, pp. 45-67. 
Sobbe, I.H. (1990). Devils on the Darling Downs. Memoirs of the Queensland Museum, 
vol. 28, pp. 299-322. 
Speare, R., Donovan, J.A., Thomas, AD. and Speare, P.J. (1989) Diseases of free-
ranging Macropodidae. Pp. 705-734 in Grigg, G. and Hume, I. (eds) Kangaroos, 
Wallabies and Rat-kangaroos. Surrey Beatty & Sons, NSW. 
Spencer, B. and Kershaw, J.A. (1910). A collection of sub-fossil bird and marsupial 
remains from King Island, Bass Strait. Memoirs National Museum Victoria, vol. 3, 
pp. 5-35. 
Stace, H.C.T., Hubble, G.D., Sleeman, J.R., Mulcahy, M.J. and Hallsworth, E.G. 
(1968). A Handbook of Australian Soils. Rellim, Adelaide. 
Staines, H.R.E. (1989). Abridged guid~ to lithostratigraphic nomenclature in Australia. 
Pp. 235-243 in Berkman, D.A. (ed). Field Geologists' Manual, Third Edition. 
Australian Institute of Mining and Metallurgy, Victoria 
Stafford, T.W., Hare, P.E., Currie, L., Jull, A.J.T., Donahue, D.J., (1991). 
Accelerator radiocarbon dating at the molecular level. Journal of Archaeological 
Science, vol. 18, pp. 35-72. 
Starker Leopold, A. and Wolfe, T.0., (1969). Food habits of nesting Wedge-tailed 
Eagles, Aquila audax, in south-east~m Australia. CS/RO Wildlife Research, vol. 
15, pp. 1-17. 
Stephenson, N.G. (1967) . Phylogenetic trends and speciation among wombats. 
Australian Journal Zoology, vol. 15, pp. 873-880. 
Stirton, R.A. (1963). A review of the 11).acropodid genus Protemnodon. University of 
California Publications in Geological Sciences, vol. 44, pp. 97-162. 
Stirton, R.A. and Marcus, L.F. (1966). Generic and specific diagnosis in the gigantic 
macropodid genus Procoptodon. Records of the Australian Museum, vol. 26, pp. 
349-359. 
Strahan, R. (1983). The Australian Mus~um Complete Book of Australian Mammals. 
1st. Angus and Robert~mn, Sydney, pp. 1-530. 
Tate, G.H.R. (1948). Results Of the Archbold Expeditions. No. 60 Studies in the 
Peramelidae (Marsupialia). Bulletin of the American Museum of Natural History, 
vol. 98, pp. 567-616. 
Tate, G.H.R. (1951). The wombats (~Jarsupialia; Phascolomyidae). American Museum 
Novitates, no. 1525, pp. 1-18. 
Taylor, G. (1994). Landscapes of Australia: their nature and evolution. Pp. 60-79 in 
Hill, R.S. (ed). History of the Australian. vegetation: Cretaceous to Recent. 
Cambridge University Press. 
Taylor, J.M. and Homer, B.E. (1973). Results of the Archbold Expedition. No. 98. 
Systematics of Native Australian Rattus (Rodentia, Muridae). Bulletin of the 
American Museum of Natural History, vol. 150, pp. 1-130. 
334 
References 
Taylor, G., Taylor, G., Bin.le, M., Foudoulis, C., Gordon, I., Hedstrom, J., Minello, J. 
and Whippy, F.. (1985). Pre-basaltic topography of the Northern Monaro and its 
implications. Australian Journal of Earth Sciences, vol. 32, pp. 65-71. 
Taylor, G., Truswell, E.M., McQueen, K.G. and Brown, M.C. (1990). Early Tertiary 
palaeogeography, landform evolution, and palaeoclimates of the Southern Monaro, 
N.S.W., Australia. Pafa,ogeography, Palaeoclimatology, Palaeoecology, vol. 78, 
pp. 109-134. 
Taylor, G. and Walker, P.H. (1986a). Tertiary Lake Bunyan, northern Monaro, NSW, 
Part 1: geological setting and landscape history. Australian Journal of Earth 
Sciences, vol. 33, l'P· 219-229. 
Taylor, G. and Walker, P.H. (1986b). Tertiary Lake Bunyan, Northern Monaro, NSW, 
Part II: facies analysis and palaeoenvironmental implications. Australian Journal of 
Earth Sciences, vol. 33, pp. 231-251. 
Tedford, R.H. (1966). A Revi~w of the Macropodid Genus Sthenurus. University of 
California Publications in Geological Sciences, vol. 57, pp. 1-72. 
Tedford, R.H. (1967). The fossil Macropodidae from Lake Menindee, New South 
Wales. University .of California Publications in Geological Science, vol. 64, pp. 1-
156. 
Tedford, R.H. (1994). Succession of Pliocene through medial Pleistocene mammal 
faunas of southeastern Australia. Records of the South Australia Musewn, vol. 27, 
pp. 79-93. 
Tedford, R.H. and Wells, R.T. (1990). Pleistocene deposits and fossil vertebrates from 
the "dead heart of Australia". Memoirs of the Queensland Musewn, vol. 28(1), pp. 
263-284. 
Tedford, R.H., Wells, R.T. and Barghoorn, S.F. (1992). Tirari Formation and 
contained faunas, Pliocene of the Lake Eyre Basin, South Australia. The Beagle, 
Records of the Northern Territory Museum of Arts and Sciences, vol. 7, pp. 173-
194. 
Thomas, 0. (1888). Catalogue of the Marsupialia and Monotremata in the Collection of 
the British 1itu.seum (Natural History). British Museum, London, pp: 1-103. 
Tindale, N.B. (1974). Aboriginal Tribes of Australia. Australian National University 
Press, Canberra. 
Triggs, B. (1988). The Wombat. New South Wales University Press, pp. 1-141. 
Truswell, E.M. and Owen, J.A. (1988). Eocene pollen from Bungonia, New South 
Wales. Memoirs of the Association of Australasian Palaeontologists, vol. 5, pp. 
259-284: 
Tucker, M. (1988)Techniques in Sedimentology. Blackwell Scientific Publications, 
Carlton Victoria, pp. 1-394. 
Tulau, M.J. (1994). Soil Landscapes of the Cooma 1:100000 Sheet Report. Department 
of Conservation and Land Management incorporating the Soil Conservation Service 
of NSW, Sydney. 
Tulip, J.R., Taylor, G. and Trusweli, E.M. (1982). Palynology of Tertiary Lake 
Bunyan, Coomu, New South Wales. Australian. BMR Geology and Geophysics, 
Journal, no. 7, p9. 255-268. 
Tyler, M.J., Davis, A.C. ~ and Williams, C.R. (in prep.). Pleistocene frogs from near 
Cooma, N.S.W. A.bstract, 'Symposium on the Quaternary', Wellington Caves, 4-6 
December, to be published in Linnean Society of New South Wales. 
Vanderwal, R. and Fullagar, R. (1989). Engraved Diprotodon tooth from the Spring 
Creek locality, Victoria. Archaeology in Oceania, vol. 24, pp. 13-16. 
335 
Re(erences 
Van Dijk, D.C. (1959). Soil foatures in relation to erosional history in the vicinity of 
Canberra. CS/RO Soil Publication No. 13, pp. 1-41. 
Van Huet, S. (1993). The Lancefield megafaunal site, Victoria. Published abstract, 
presented at C.A.V.E.P.S. 1993. Records of the South Australia Museum, vol. 
27, p. 229. 
Wakefield, N.A. (1960a). Recent mammai bcnes in the Buchan District. Victorian 
Naturalist, vol. 77, pp. 164-178. 
Wakefield, N.A. (1960b). Recent mammal bones in the Buchan District. Victorian 
Naturalist, vol. 77, pp. 227-240. 
Wakefield, N.A. (1963). Sub-fossiis from Mount Hamilton, Victoria. Victorian 
Naturalist, vol. 79, pp. 323-330. 
Wakefield, N.A. (1964). Recent mammalian sub-fossils of the basalt plains of Victoria. 
Proceedings of the Royal Soci~ty of Victoria, vol. 77, pp. 419-425. 
Wakefield, N.A. (1967a). Some taxonomic revision in the Australian marsupial genus 
Bettongia (Macropodidae), with descriptian of a new species. Victorian Naturalist, 
vol. 84(1), pp. 8-21. 
Wakefield, N.A. (1967b). Mar.nmal bones in the Buchan District. Victorian Naturalist, 
vol. 84, pp. 363-383. · 
Wakefield, N.A. (1967c). Preliminary repoit on McEachern's Cave.Victorian Naturalist, 
vol. 84, pp. 363-383. 
Wakefield, N.A. (1972). Palaeoecology of fossil mammal assemblages from some 
Australian Caves. Proceedings of the Royal Society of Victoria, vol. 85, pp. 1-26. 
Walker, P.H. and Coventry, R.J. (1976). Soil profile development in some alluvial 
deposits of eastern New South Wales. Australian Journal of Soil Research, vol. 
14, pp. 305-17. 
Walker, P.H. and Green, P. (1976). Soil trends in two valley fill sequences. Australian 
Journal of Soil Research, vol. 14, pp. 291-303. 
Walker, R.G. (1984). Facies Modds, Second Edition. Geolscience Canada Reprint 
Series 1, Geological Association, Ca...'1ada, Toronto, pp. 1-89. 
Walker, R.G. and Cant, D.J. (1984). Sandy Pluvial Systems. Pp. 71-89 in Walker, 
R.G. (ed). Facies Models, Second Edition. Geolscience Canada Reprint Series 1, 
Geological Association, Canada, Toronto. 
Walkington, M. (1986). An archaeclogica/ survey of selected small lakes on the Monaro 
Tablelands, NSW. BSc (Hons) Thesis, Prehistory and Anthropology, Australian 
National University, Cancer.·a. · 
Walshe, K. ( 1994 ). A taphonomic analysis of the vertebrate material from Allens Cave: 
implications from Austrul!an arid zone archaeology. PhD Thesis, Archaeology and 
Anthropology Dept, Australia.1 Natior!.al University. 
Walton, D.W. (1988). (executive editor) Zoological Catalogue of Australia, Volume 5: 
Mammalia. Australian Government Publishing Service, Canberra, pp. 1-274. 
Wasson, R.J. (1983). Termination of dune building in the Strezelecki desert, South 
Australia, 15-10 ka. P. 86 in Chappell, J.M.A. and Grindrod, A. (eds). 
CL/MANZ, proceedings offirst Climanz: February 1981. Australian National 
University, Canbem~ .. 
Wasson, R.J. (1986). Geomorphology and Quaternary History of the Australian 
Continental Dunefidds. Geographical Review of Japan, vol. 59, pp. 55-67. 
Wasson, R.J. (1989). Desert dune building, dust raising and palaeoclimate in the 
Southern Hemisphere during the last 280,000 years. Pp. 28-29 in Donnelly, T.H., 
and Wasson, R.J. (eds) CLIIHA:.\X 3, Proceedings of the Third Symposium on 
:336 
References 
the late Quarernary Climatic History of Australasia. CSIRO Division of Water 
Resources, Canberra. 
Wasson, R.J. and Clark, ~.L. (1987). The Quaternary in Australia - Past, present and 
future. Austmlian Geo.science Council B.M.R. Report, vol. 282, pp. 29-34. 
Waterhouse, G.R. (1846). A natural history of the Mammalia. Vol.l. Containing the 
order Marsupiata, c-rpoucr.ed animals. London, Hippolyte Bailliere. 
Watts, C.H.S. and Aslin. H.J. (1981). The Rodents of Australia. Angus and Robertson, 
Australia, pp. 1-321. 
Watts, C.H.S., Haverstock, P.R., Birrell, J. and Krieg, M. (1992). Phylogeny of the 
Australian Rodents (Muridae): a Molecular Approach using Microcomplement 
Fixation of Albumin. Australian Journal of Zoology, vol.40, pp. 81-90. 
Wellman, P. and McDougall, I. (1974). Potassium-argon ages on the Cainozoic volcanic 
rocks of New S0uth Wales. Journal Geological Society of Australia, vol. 26, pp. 
1-9. 
Wells, R.T. (1989). Vombatitae. Pp. 755-768 in Walton, D.W. and Richardson, B.J. 
(eds) Fauna of 1iustralia, Volume JB. Mammalia. Australian Government 
Publishing S-;rvi.::e, Canberra. 
Wells, R.T., Horton, D.R., and Rogers, P. (1982). Thylacoleo carnifex Owen 
(Thylacoleonidae): Marsupial carnivore? Pp. 573-586 in Archer, M (ed) 
Carnivorous Marsupials, vol. 2, Royal Zoological Society of New South Wales, 
Sydney. 
Wells, R.T., Moriarty, K. and Williams, D.L.G. (1984). The fossil vertebrate deposits 
of Victoria Fossil Cave Ncirncoorte: An introduction to the geology and fauna. The 
Australian Zoologist, vol. 21, pp. 305-333. 
Wells, R.T. m1d Tedford, R.H. (1995). Sthenurus (Macropodidae: Marsupialia) from the 
Pleistocene of Lake Cailabonna, South Australia. Bulletin of the American 
Museum of Natural History, no. 225, pp. 1-111. 
Werdelin, L. (1987). Jaw geometry and molar morphology in marsupial carnivores: 
analysis of a constraint arid its macroevolutionary consequences. Paleobiology, 
vol. 13, pp. 342·-350. 
White, A.J.R., Williams, LS. and Chappell, B.W. (1977). Geology of the Berridale 
1:100000 Sheet 8625. Geological Survey of New South Wales Department of 
Mines, Notes, pp. 1-138. 
White, J.P. and Martnery, T. (1995). Late Pleistocene fauna at Spring Creek, Victoria: A 
re-evaluation. Australian Archaeology, no. 40, pp. 13-17. 
Wilkinson, H.E. (1978). Synonyray of the fossil wombat Vombatus pliocenus (McCoy) 
with the living species Vombatus hirsutus (Perry). Memoirs National Museum 
Victoria, vol. 39, pp. 93-100. · 
Williams, D. (1983). Late ?leistocen.e vertebrates and palaeo-environments of the 
Flinders aad 1"vlou.nt Lofty Ranges, South Australia. Unpublished PhD Thesis, 
Flinders University, Adelaide. 
Williams, G.E. and Polach, ·H.A. (1971). Radiocarbon dating of arid-zone calcareous 
paleosols. Geological Society of America Bulletin, vol. 82, pp. 3069-3086. 
Williams, M.A:J., Dunkerley, D.L., De Deckker, P., Kershaw, A.P., Stokes, T.J. 
(1993). Quaternary Enviroru11ents. Edward Arnold, London. 329 pp. 
Willis, P.M.A. (1993). Vertebrate (tetrapod) palaeontological sites in New South Wales. 
National Parks Associ'.ltion, New South Wales. Report, pp.1-222. 
Wood Jones, F. (1925). The Mammals of South Australia. Reprint 1968. James, A.B., 
Adelaide, Austrnli~., pp. 1-458. 
337 
References 
Wood.borne, M.O., Tedford, R.H. , Archer, M., Turnbull, W.D., Plane, M.D., and 
Lundelius, E.L.,. (1985). Biochronology of the continental mammal record of 
Australia and New Guinea. Special Publications, South Australian Department 
Mines and Energy, No. 5, pp. 347-363. 
Woods, J.T. (1962). Fossil marsupials and Cainozoic continental stratigraphy in 
australia: a review. Memoirs Queensland Museum, vol. 14, pp. 41-49. 
Wright, R. (1986). How old is Zone F at Lake George? Archaeology in Oceania, vol. 
21, pp. 138-9. 
Yom-Tov, Y. and Nix, H. (1986). Climatological con-elates for body size of five species 
of Australian mammals. Biological Journal of the Linnean Society, vol. 29, pp. 
245-262. 
338 
Appendix A : Fossil Catalogues 
APPENDIX A: FOSSIL CATALOGUES 
Fossil specimens from the study sites have been allocated temporary numbers, derived 
from either an ANU Geology Museum number (from 48682 to 48948) or from the date 
of collection (from 89080301 to 95121801) starting with the year, then month, then day, 
then specimen number collected that day. For example the first specimen collected on 
the 25th December, 1995 would be allocated the number 95122501. 
APPENDIX Al: FOSSIL CATALOGUE FOR SOUTH BUNYAN, 
RYRJES CREEK, 
BULONG AND TANNER}' CREEK FOSSIL LOCALITIES. 
NO. IDENTIFICATION DESCRIPTION LOCATION 
48931 gen. et sp. indet. bone fragments white clay unit, South Bunyan 
48932 gen. et sp. indet. bone fragments white clay unit, South Bunyan 
48939 Diprotodon sp. molar, fragmented white clay unit, South Bunyan 
48946 gen. et sp. indet. bone fragments white clay unit, South Bunyan 
91111001 gen. et sp. indet. vertebra black unit, Site 1, Bulong 
91111002 gen. et sp. indet. toe black unit, Site 2, Bulong 
91111003 gen. et sp. indet. rib black unit, Site 2, Bulong 
91111004 Macropus titan humerus high red terrace, Site 4, Bulong 
91111005 Macropus titan R lower incisor high red terrace, Site 4, Bulong 
91111006 Macropus titan rib high red terrace, Site 4, Bulong 
91112307 gen. et sp. indet. bone fragment base of red terrace, Tannery Creek 
91112308 gen. etfP· indet. -bone fragment base of red terrace, Tannery Creek 
91112309 gen. et sp. indet. bone fragment base of red terrace, Tannery Creek 
91112310 gen. et sp. indet. bone fragment base of red terrace, Tannery Creek 
91112311 gen. et sp. indet. rib base of red terrace, Tannery Creek 
91112312 gen. et sp. indet. bone fragment base of red terrace, Tannery Creek 
93012901 Diprotodon sp. shaft of femur river terrace, Ryries Ck. Michelago 
Al 
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APPENDIX A2: FOSSIL CATALOGUE FOR PILOT CREEK 
NO. IDENTIFICATION DESCRIPTION 
8908??01 Macropodid mandible 
48682/1 Gymnorhina tibicens L carpometacarpal 
48682/2 Gymnorhina tibicens R carpometacarpal 
48683/1-34 sp. indet. bone fragments 
48684/1-23 sp. indet. bone fragments 
48685/1-4 sp. indet. bone fragments 
48686/1 -5 sp. indet. bone fragments 
48687 sp. indet. bone fragments 
48688 sp. indet. bone fragments 
48689/1-28 sp. indet. bone fragments 
48690/1-18 sp. indet. bone fragments 
48691/1-21 sp. indet. bone fragments 
48692/1-3 sp. indet. bone fragments 
48693/1-2 sp. indet. bone fragments 
48694/1-19 sp. indet. bone fragments 
48695/1-50 sp. indet. bone fragments 
48696/1-8 sp. indet. bone fragments 
48696/9-21 D. novaehollandiae bone fragments 
48696/22-3 sp. indet. bone fragments 
48697/19 D . novaehollandiae bone fragments 
48697 /32 sp. indet. bone fragments 
48697/33 D . novaehollandiae bone fragments 
48697 /1-18 sp. indet. bone fragments 
48697/20-7 sp. indet. bone fragments 
48697/28-31 D. novaehollandiae bone fragments 
48698 sp. indet. bone fragments 
48699 lizards (Scinidae) rami 
48700/1-3 Pseudomys sp. skull, L & R rami 
48701 sp. indet. bone fragments 
48702 lsoodon obesulus L & R rami 
48703 sp. indet. bone fragments 
48704/1-3 D. novaehollandiae bone fragments 
48705/1-5 A. rufescens skull 
48706 M. giganteus , L ramus 
48707/1-2 M. giganteus L & R ramus 
48708 M. giganteus R ramus 
48709 sp. indet. bone fragments 
48710 A. rufescens L & R rami 
48711 Vombatus ursinus L rami 
48712/l Gallinula mortierii tarsometatarsus 
48712/2 Gallinula mortierii femur 
48713/1 Gallinula mortierii tibiotarsus 
48713/3 M. giganteus R ramus 
48714/2 D. novaehollandiae bone fragments 
48715/1-2 sp. indet. bone fragments 
48716/1-5 sp. indet. bone fragments 
48717/1-12 sp. indet. bone fragments 
48718/1-6 sp. indet. bone fragments 
48719/1-7 sp. indet. bone fragments 
48720/1 -5 D. novaehollandiae bone fragments 
48720/6-22 sp. indet. bone fragments 
48721/1-13 sp. indet. bone fragments 
48722/1-14 sp. indet. bone fragments 
A2 
LOCATION (SITE) 
WITHIN PILOT CREEK VALLEY 
QPC, E. bank, lm above creek(N of Waterfall) 
Qf2 unit, D.O, III-III.5, l.7m, (Poplars) 
Qf2 unit, C-D, III.5-IV, 1.5-2.0m, (Poplars) 
Qf2 unit, D-E.5, III-III.5, l.7-l.75m, (Poplars) 
Qf2 unit, D-E.5, III-III.5, 2.06m, (Poplars) 
Qf2 unit, E-E.3, III-III.5, 2.27m, (Poplars) 
Qf2 unit, D-E.5, III-III.5, 2.13m, (Poplars) 
Qf2 unit, E.5, III-III.5, 2.3m, (Poplars) 
Qf2 unit, E.5, III-III.5, 2.4m, (Poplars) 
Qf2 unit, D.5-E.5, III-IV, 2.6m, (Poplars) 
Qf2 unit, D.5-E.5, III-III.5, 2.4m , (Poplars) 
Qf2 unit, D.5-E.5, III-III.5, 2.5m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-III.5, 2-3m, (Poplars) 
Qf2 unit, E-F, III-III.5, 2-3m, (Poplars) 
Qf2 unit, E-F, III-III.5, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, E-E.5, III-III.5, 2.3m, (Poplars) 
Qf2 unit, D-E, III-IV, 2.0m, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m ,(Poplars) 
Qf2 unit, E.9, III-.45, 2.2m ,(Poplars) 
Qf2 unit, E-F, II-III.5, 2-2.5m ,(Poplars) 
Qf2 unit, D-E, II-IIl.5, 2-3m, (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m ,(Poplars) 
Qf2 unit, E-F, III-IV, 2-3m, (Poplars) 
Qf2 unit, D.5, III.5, 2.16m ,(Poplars) 
Qf2 unit, E.O, III.5, 2.15m, (Poplars) 
Qf2 unit, E.O, III.05, 2.9m, (Poplars) 
Qf2 unit, D.81, IV.1, l.76m, (Poplars) 
Qf2 unit, F-F.l, III.6-III.7, 2.2m (Poplars) 
Qf2 unit, F-F.1, III.6-III.7, 2.2m (Poplars) 
Qf2 unit, F.19, III.56, 2.21m (Poplars) 
Qf2 unit, F.19, III.56, 2.21m (Poplars) 
Qf2 unit, D.95-E.25, II.5-.7, 3.lm (Poplars) 
Qf2 unit, D.9-E.O, II.85-III.O, 3.0 (Poplars) 
Qf2 unit, D-E, 2-3m (Poplars) 
Qf2 unit, D.73, III.7-III.9, 2.2m (Poplars) 
Qf2 unit, C.25, III.6, 2.13m (Poplars) 
Qf2 unit, C-D, III.5-IV, l.5-2m (Poplars) 
Qf2 unit, E-E.3, III-IV, 2.4-2.85m (Poplars) 
Qf2 unit, E-E.3, III-IV, 2.4-2.85m (Poplars) 
Qf2 unit, E.2-.3, III.3-.4, 2.8m (Poplars) 
Qf2 unit, D.5-E, III-III.5,2.15-2.25m (Poplars) 
48723/1-12 
48724/l 
48724/2 
48724/3+5 
48725/1-47 
48726 
48727 
48728 
48729 
48730 
48731 
48732 
48733 
48734 
48735 
48736 
48737 
48738 
48739 
48740 
48741 
48742/1-4 
48743/1-23 
48744 
48745/1-16 
48746 
48747/1-2 
48748/1-50 
48749 
48750/1-71 
48751 
48752/1-28 
48753 
48754 
48755 
48756 
48757/1-7 
48757/8-9 
48758 
48759 
48760 
48761 
48762/1 
48762/2 
48762/3 
48762/4 
48763-70 
48771.1-.2 
48772.1-.2 
48773-77 
48778 
48779 
48780 
48781.1-.2 
48782 
48783 
48784 
48785 
48786 
48787 
48788 
48789 
sp. indet. bone fragments 
Perameles sp. indet R ramus 
Perameles gunnii L mandible 
Perameles sp. indet R maxilla 
sp. indet. bone fragments 
sp. indet. bone fragments 
sp. indet. bone fragments 
Rattus lutreolus L ramus, Ml-3 
Pseudomys sp. R ramus, Ml-3 
Rattus lutreolus R ramus, Ml-3 
Mastacomys fuscus L maxilla, Ml-3 
Perameles nasuta R upper M3 
Perameles gunnii R maxilla 
Pseudomysfumeus R ramus, Ml-2 
Conilurus albipes L maxilla, Ml 
Rattus lutreolus R ramus, Ml-2 
Rattus lutreolus R maxilla, Ml-3 
sp. indet. bone fragment 
Perameles sp. indet. L ramus 
sp. indet. bone fragments 
Rattus lutreolus R ramus, Ml-3 
sp. indet. bone fragments 
sp. indet. bone fragments 
sp. indet. bone fragments 
sp. indet. bone fragments 
Perameles gunnii R rami 
Macopus giganteus skull, L ramus 
sp. indet. bone fragments 
Macropus giganteus R ramus 
sp. indet. bone fragments 
Gallinula mortierii tibiotarsus 
sp. indet. bone fragments 
? frog ?femur 
? frog ?femur 
sp. indet. bone fragments 
sp. indet. bone fragments 
Dasyurus viverrinus skull fragments 
sp. indet. bone fragments 
Dasyurus viverrinus R mandible 
Macropus giganteus R ramus 
Perameles sp. indet. L ramus 
Macropus sp. indet. tooth fragments 
Macropus giganteus L & R maxilla 
Perameles sp. indet. R ramus 
Macropus giganteus L ramus 
sp. indet. bone fragments 
T. cynocephalus skeleton 
Macropus giganteus L & R mandibles 
Macropus giganteus L & R maxilla 
Macropus giganteus postcranial skeleton 
sp. indet. rib fragments 
sp. indet. vertebrae fragments 
sp. indet. ?forelimb 
sp. indet. L & R humerus 
D. novaehollandiae tarsometatarsus 
Perameles nasuta L maxilla 
sp. indet. limb bones 
0. cunicu/us maxilla 
Aepyprymnus rufescens R mandible 
sp. indet. pelvic ilium 
Macropus giganteus upper 12 
Macropus titan part of lower incisor 
A3 
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Qf2 unit, D.5-E, II-III, 2-3m (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m (Poplars) 
Qf2 unit, E-F, III-IV, 2-3m (Poplars) 
Qf2 unit, E.5, III-III.5, 2-2.Sm (Poplars) 
Qf2 unit, E.8, IIl.4, 1.55m (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, C-D, II-III, 2.0m (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.5m (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, D-E, III-III.5, 2.0-2.5m (Poplars) 
Qf2 unit, D-E, III-III.5, 2.0-2.5m (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.5m (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.5m (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.5m (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.Sm (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.Sm (Poplars) 
Qf2unit,1-K, 1-11, 6-7m (Poplars) 
Qf2 unit, E.5-F, (Poplars) 
Qf2 unit, F.O, III.5, 2.l-2.13m, (Poplars) 
Qf2 unit, D-E, III-III.5, 2-2.5m, (Poplars) 
Qf2 unit, F-G, II-III, 2.8m, (Poplars) 
Qf2 unit, E.8-F.2, III-III.7,2.0-2.3m, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, D-E.5, III-III.5, 1.7-1.75m (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, E-F, III.5-IV, 2.1-2.3m, (Poplars) 
Qf2 unit, (Poplars) 
Qf2 unit, (Poplars) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, Thylacine Ck, (T- Site) 
Qfl, S. bank, 25m upstream basalt wall 
Qfl, S. bank, approx. lOm N of T-datum, 
Qfl, S. bank, lOm E of T-datum 
Qfl or QPC, S. bank, 25m upstream basalt 
QPC?doubtfully Thylacine Creek 
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48790 
48791 
48792 
48793 
48794 
48795 
48796 
48797 
48798 
48799 
48800 
48801 
48802 
48803 
48804 
48805 
48806 
48807 
48808 
48809 
48810 
48811 
48812 
48813 
48814 
48815 
48816 
48817 
48818 
48819 
48820 
48821 
48822 
48823 
48824 
48825 
48826 
48827 
48828 
48829 
48830 
48831 
48832 
48833 
48834 
48835 
48836 
48837 
48838 
48839 
48840 
48841 
48841 
48842 
48843 
48844 
48845 
48846 
48847 
48848 
88050401 
88081301 
sp. indet pelvis,vetebrae,femur S. bank, 25m upstream basalt wall 
Macropus giganteus L ramus, metatarsal QWB, S. bank, 24m W. of big gumtree 
Macropus rufogriseus R ramus, scapula QWB in Thylacine Ck 
sp. indet IV metatarsal QWB in Thylacine Ck 
sp. indet bone fragments x 2 QWB at rock bar in Thylacine Ck 
sp. indet bone fragments QWB, SE. bank, Thylacine Ck, 
Macropus rufogriseus maxilla QWB in Thylacine Ck 
Macropus giganteus tibia, fibula S. bank, approx. 9m E. of T-datum 
Macropus titan L maxilla QPC, E. bank, 3.5m N. of datum (Blue Tooth) 
Thylacoleo carnifex upper 13 QPC, W. bank, 39m N. of datum (Alex Wall) 
Macropus robustus R maxilla Pilot Creek , probably QPC 
Macropus titan L ramus QPC, W. bank, 14m S. of datum (?Briar Bush) 
Macropodid podials QPC, W. bank, 40m N. of datum,(Alex Wall) 
sp. indet long bone fragments QPC, Pilot Creek, (probably Alex Wall) 
sp. indet. bone fragments Pilot Creek, (probably QPC) 
Macropodid metapodials QPC, E. bank, 4.5m S. of datum (Blue Tooth) 
sp. indet. longbone fragment Pilot Creek, probably QPC 
Macropus titan fragment left ramus QPC, E. bank, 104m S. of datum (Red Bluff) 
Macropus titan pair lower incisors QPC, E. bank, 104m S. of datum (Red Bluff) 
Macropus titan lower incisor, R QPC 
Diprotodon optatum left lower incisor QPC, W. bank, 226m N. of datum 
Macropus titan lower incisor, L QPC, Pilot Creek 
Macropus titan blue teeth, R maxilla QPC, W. bank, 14m S. of datum (?Briar Bush) 
Macropodid tibia QPC, E. bank, 2m S. of datum 
Macropodid tibia in three bits QPC, W. bank, 37m S. of datum 
Macropodid IV metatarsal QPC, W. bank, 37m S. of datum 
sp. indet long bone section QPC, W. bank, 37m S. of datum 
Macropus robustus L ramus QPC, W. bank, 23m N. of datum (Deep Pool) 
sp. indet. tooth QPC, W. bank, 23m N. of datum (Deep Pool) 
sp. indet. pelvis QPC, W. bank, 134m N. of datum 
Macropus titan aged R ramus QPC, W. bank, 23m N. of datum (Deep Pool) 
sp. indet proximal end femur Pilot Creek near woolshed 
sp. indet. proximal end femur Pilot Creek near woolshed 
sp. indet. bone fragment QPC, W. bank, (Overhanging Post) 
Vombatus ursinus R maxilla Qmt, E. bank (East Elderberry) 
Macropus titan L ramus Qmt, E. bank (East Elderberry) 
sp. indet. long bone scrap Qmt, E. bank (East Elderberry) 
Vombatus ursinus Max's Wombat skull Qf2 unit, W. bank, (Poplars) 
P. brehuslroechus L lower incisor QPC, E. bank, S. of datum (Red Bluff) 
Macropus titan upper 13 (Blue teeth) QPC, E. bank, S. of datum (Red Bluff) 
sp. indet. pelvic fragment QPC, W. bank, S. of datum 
Sarcophilus laniarius right upper canine QPC, E. bank, lOm N. of datum 
M acropus titan lower L M3 or 4 QPC, E. bank, 7m N. of datum 
Vombatus ursinus pelvic fragment Qf2 unit, W. bank, lOm S. of (Poplars) 
Macropodid IV metatarsal QPC, W. bank, 9.5m S. of datum (Briar Bush) 
Aepyprymnus rufescens L maxilla Qf2, (Poplars) 
Perameles sp. indet. L M2 Qf2, (Poplars) 
Macropodid calcanium QPC, Pilot Creek, probably QPC 
sp. indet rib QPC, Pilot Creek, probably QPC 
Macropodid upper molar & bone QPC, E. bank, 135m N. of datum(Plastic Bag) 
cf. Macropus titan pelvic fragment QPC, W. bank, (Overhanging Post) 
Cow vertebra pesa, E. bank, lOm N. of new comer post 
sp. indet. bone fragment QPC, E bank, 4m N. of datum 
sp. indet. bone fragment QPC 
Vombatus ursinus blue tooth row Qmt, W. bank, (West Elderberry) 
Macropodid pelvic fragment QPC, opposite 3 rabbit holes, at water level 
? bird bone fragment QPC, W. bank, 30 m N. of Overhanging Post 
sp. indet. bone fragment QPC, E. bank, 30m N. of Acacia tree 
small mammal humerus fragment QPC, E. bank, 60m N. of Acacia tree 
Macropus titan lower L incisor QPC, W. bank, 15m S. at (Rat Nest) 
lsoodon obesulus R maxilla Qf2 unit, E-F, III-IV, 2-3m (Poplars) 
Aepyprymnus rufecens L maxilla Qf2, (Poplars) 
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89061002 
89061003 
89080302 
89092101 
89092201 
89092501 
89092601 
90030301 
90030302 
90030303 
90030304 
90030305 
90030306 
90030307 
90030308 
90031901 
90031902 
90031903 
90031904 
90041601 
90052701 
90052702 
90072102 
90072103 
90072104 
90072201 
90081801 
90090601 
90120901 
90120902 
90120903 
90120904 
90120905 
90120906 
91021401 
91080401 
91080402 
91080403 
91080404 
91080405 
91080406 
91080407 
91080408 
91080409 
91080410 
91080411 
91080412 
91090102 
91091501 
91111007 
91112305 
91112306 
91112307 
92012201 
92020101 
92020102 
92020103 
92020104 
92020105 
92020106 
92020107 
92020108 
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Macropus giganteus L ramus Qf2, (Poplars) 
D. novaehollandiae bone fragmnets Qf2, (Poplars) 
sp. indet. bone fragments QPC, E. bank, at (Plastic Bag). 
sp. indet. longbone scraps QPC, W. bank, 33.3m N. of d. (Deep Pool) 
Sthenurus sp. indet. 5 caudal vertebrae QPC, W. bank, 31.0m N. of d. (Deep Pool) 
sp. indet. scraps QPC, W. bank, 31.3m N. of d. (Deep Pool) 
Macropus sp. IV metatarsal, tarsals QPC, W. bank, 34.3m N. of d. (Alex Wall) 
sp. indet vertebra QPC, W. bank, 70m N. of datum 
sp. indet. fibula QPC, E. bank, lOm S. of Edwins Comer 
Macropus titan L ramus QPC, W. bank, 19m S. of OP site (Rat Nest) 
Macropodid toe QPC, E. bank, 18m S. of OP site(Plastic Bag) 
Macropus titan upper tooth row QPC, E. bank, opposite 3.3.90/3 
Macropus titan part of 3.3.90/5 QPC, E. bank, opposite 3.3.90/3 (nr Plastic) 
sp. indet bone fragment QPC, W. bank, charcoal layer (Deep Pool) 
Macropus titan L & R rami QPC, W. bank, in charcoal layer (Deep Pool) 
Gallinula mortierii beak Qf2 unit, (Poplars) G.2, IV.0,2,0m 
sp. indet. small femur Qf2 unit, (Poplars) F.8, IV, 2.8 m 
sp. indet. vertebra and ribs Qf2 unit, (Poplars), C.2, IV, 1.7m 
Macropodid fibula fragment QPC, 30m N. of Acacia Tree, E. bank, 
Vombatus ursinus single molar, blue PCE, E. bank, lm N. of tree, (Acacia) 
sp. indet. pelvic fragment QPC, E. bank, Im N. of old peg at Red Bluff 
P. brehuslroechus lower P3, M3-4 QPC, W. bank, 10 m N. of OP 
sp. indet long bone fragments QPCW. bank, 20m N. of waterfall, 
sp. indet long bone fragments QPC, W. bank, approx. 25m N. of waterfall 
sp. indet long bone fragments QPC, W. bank, in basalt rocks (Waterfall) 
A. rufescens skull, and postcranial ?Qfl, S. bank, lOm E. of T-datum 
Vombatus ursinus juvenile R maxilla Qf2 unit,W. bank, (Poplars) 
sp. indet. long bone fragment QWB, S. bank, Thylacine Ck, below wall 
sheep metetarsal Qf2 unit.at base of northern Poplar tree 
Macropus giganteus metatarsals, phalange Qf2 unit, (Poplars), A.O,IV.0,1.3m 
Macropus giganteus radius and ulna Qf2 unit, (Poplars) G.O, IV.O, scree (Poplars) 
Macropus . titan rib fragment QPC, W. bank, 15m S. of datum,(Briar Bush) 
Macropus titan distal phalange (toe) QPC, W. bank, 15m S. of datum,(Briar Bush) 
Macropus titan palate QPC, W. bank, 15m S. of datum,(Briar Bush) 
Macropus robustus. R maxilla QPC or Qf2, W. bank, S. of (Poplars) 
sp. indet longbone fragment QPC, E. bank, 3m S. of datum (Blue Tooth) 
sp. indet longbone shaft QPC, E. bank, N. of datum (Edwins Comer) 
sp. indet bone fragment QPC, E. bank, approx 20m S. of waterfall 
?sheep articulated digits scree, E. bank, approx 19m S. of waterfall 
sp. indet longbone shaft QPC, W. bank, 2m N. of OP, in cave 
sp. indet part of 3.3.90/3, QPC, W. bank, 19m S. of Overhanging Post 
sp. indet bone fragment QPC, W. bank, 20m S. of Overhanging Post 
sp. indet bone fragment QPC, W. bank, 2lm S. of Overhanging Post 
sp. indet vertebra QPC, W. bank, 26m S. of OP, (Rat Hole) 
sp. indet longbone fragment QPC, W. bank, 30m S. of Overhanging Post 
P. brehuslroechus L & R rami QPC, E. bank, 104m S. of d., (Red Bluff) 
sp. indet ? pelvis QPC, E. bank, 30m S. of Acacia site (post 37) 
Vombatus ursinus right ramus pesa, W. bank, opposite Red Bluff, in terrace 
sp. indet. scapular fragment Qf2 unit, grid ref. F.5,IV.5, I.Om (Poplars) 
sp. indet. bone fragment QPC, W. bank, 130 S. of datum 
sp. indet bone fragment QPC, E. bank, near Bottle-nest Cave 
sp. indet bone fragment QPC, W. bank, (Overhanging Post) 
sp. indet bone fragment QPC, W. bank, 130m S. of datum 
Macropus titan lower P3,Ml,M2 QPC, E. bank, in scree below 90030305 
sp. indet bone fragment QPC, W. bank, 27.5m Nat (Deep Pool) 
sp. indet IV metatarsal QPC, W. bank, 20.6m Nat (Deep Pool) 
sp. indet bone fragment QPC, W. bank, 27.3m Nat (Deep Pool) 
sp. indet bone fragment QPC, W. bank, 26.9m N at (Deep Pool) 
Macropus titan lower left incisor QPC, W. bank, 26m N. of datum, (Deep Pool) 
sp. indet bone fragment QPC, W. bank, 25.9m Nat (Deep Pool) 
sp. indet bone fragment QPC, W. bank, 27m N. of datum, (Deep Pool) 
sp. indet bone fragment QPC, W. bank, 26m N. of datum, (Deep Pool 
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92020109 
92020110 
92020111 
92020112 
92020113 
92020114 
92093002 
92093003 
92093004 
92093005 
92093006 
92101001 
92101002 
93032101 
93032102 
93032103 
94021001 
94081501 
95042106 
sp. indet 
sp. indet 
sp. indet 
Macropus titan 
Macropus titan 
Macropus titan 
?macropod 
sp. indet. 
sp. indet 
Macropus titan 
M aero pus titan 
Vombatus ursinus 
Macropodid 
Vombatus ursinus 
? Procoptodon 
sp. indet. 
Mastacomys fuscus 
M aero pus titan 
Protemnodon anak 
bone fragment 
bone fragment 
pelvic fragment 
L ramus 
half skeleton 
lower L P3 
? femur 
longbone fragment 
longbone shaft 
L ramus 
L ramus 
left ramus 
tibia in fragments 
upper L & R molars 
IV metatarsal 
proximal phalange 
lowerL Ml 
upperL & R M3 
upper P2 -3, pelvis 
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QPC, W. bank, 26m N. of datum, (Deep Pool) 
QPC, W. bank, 27.Sm Nat (Deep Pool) 
QPC, W. bank, 28m N. of datum, (Deep Pool) 
QPC, W. bank, 26m N. of datum, (Deep Pool) 
QPC, E. bank, 40m N. (Double Dutch) 
QPC, W. bank, 26m N. of d. (Deep Pool) 
QPC, E. bank, (Plastic Bag) 
QPC, E. bank, clays (Blue Tooth) 
QPC, E. bank, clays (Blue Tooth) 
QPC, W. bank, (Lucky Red Robin) 
QPC, W. bank, (Lucky Red Robin) 
QWB, E. bank, 70m S. of datum (Mudslide) 
QWB, W. bank, S. of (Poplars) 2m N of pipe 
QPC, W. bank, 34m N. of d. (Alex's Wall) 
QPC, W. bank, 34.2 m N.at (Alex's Wall) 
QPC, W. bank, 34.2m N.at (Alex's Wall) 
Qt'2, (Poplars) 
QPC, E. bank, opp. Diproto. Peg Site 
QPC, E. bank, 40m S of d. (Lemon Site) 
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APPENDIX A3: FOSSIL CAT ALO GUE FOR BUNYAN SIDING 
NO. IDENTIFICATION DESCRIPTION LOCATION 
48718 Zygomaturus trilobus R. mandibular ramus Jilliby Formation, road level in gutter 
48910 10 sp. indet. bone fragments Jilliby Formation 
48910.1 sp. indet. metatarsal V Jilliby Formation 
48910.11 sp. indet. rib shaft Jilliby Formation 
48910.2 sp. indet. neural process Jilliby Formation 
48910.3 sp. indet. vertebral process Jilliby Formation 
48910.4 sp. indet. proximal end radius Jilliby Formation 
48910.5 sp. indet. fragment of tibia Jilliby Formation 
48910.6 sp. indet. fragment of tibia Jilliby Formation 
48910.7 sp. indet. fragment of tibia Jilliby Formation 
48910.8 sp. indet. fragment of tibia x 4 Jilliby Formation 
48910.9 sp. indet. bone fragments x 28 Jilliby Formation 
48911 sp. indet. R. scapula Jilliby Formation 
48912 Procoptodon rapha R. mandibular ramus Jilliby Formation 
48913 sp. indet. longbone shaft Jilliby Formation 
48914 sp. indet. iii metatarsal + tibia Jilliby Formation 
48915 Macropus sp. A R. maxilla with M2-4 Jilliby Formation, south end 
48916 Protemnodon anak L. mandibular ramus Jilliby Formation, north end 
48917 Macropus sp. molar fragment Jilliby Formation, scree slope 
48919 sp. indet. proximal end scapula Jilliby Formation 
48920 sp. indet. bone fragments Jilliby Formation, NE end 
48921 M. agilis lower 11 & P3 Jilliby Formation 
48922 Diprotodontid longbone shaft Jilliby Formation 
48923 sp. indet. radius Jilliby Formation 
48924 sp. indet. longbone shaft Jilliby Formation 
48925 sp. indet. bone fragments x 15 Jilliby Formation 
48925-1 macropodid IV metatarsal Jilliby Formation 
48925-2 sp. indet. longbone shaft fragments Jilliby Formation 
48925-3 macropodid 2 tibial fragments Jilliby Formation 
48925-4 sp. indet. bone fragments x 23 Jilliby Formation 
48926 sp. indet. bone fragments x 3 Jilliby Formation 
48927 sp. indet. atlas vertebra Jilliby Formation 
48928 sp. indet. ?shaft of long bone Jilliby Formation 
48929 sp. indet. bone fragment x 5 Jilliby Formation 
48930 sp. indet. bone fragment x 7 Jilliby Formation 
48933 Macropus sp. indet. upper 11 Jilliby Formation 
48934 Vombatus ursinus 1/2 of molar Jilliby Formation 
48935 sp. indet. longbone shaft Jilliby Formation 
48936 sp. indet. bone fragments x 10 Jilliby Formation 
48937 Macropus sp. indet. right upper I 1 Jilliby Formation 
48938 sp. indet. bone fragments (7 bags) Jilliby Formation 
48940 sp. indet. bone fragments x 6 Jilliby Formation 
48941 Macropus titan right mandibular ramus Jilliby Formation 
48942 Macropus sp. indet. enamel molar caps Jilliby Formation 
48943 Macropus sp. indet 2 tibia, fibula Jilliby Formation 
48944 Vombatus ursinus right upper incisor Jilliby Formation 
48947 Diprotodontid molar roots Jilliby Formation 
48948 sp. indet. bone fragments (4 bags) Jilliby Formation 
88052901 sp. indet. 1 of 7 bags/bone fragment Jilliby Formation 
88052902 sp. indet. 2 of 7 bags/bone fragment Jilliby Formation 
88052903 sp. indet. 3 of 7 bags/bone fragment Jilliby Formation 
88052904 sp. indet. 4 of 7 bags/bone fragment Jilliby Formation 
88052905 sp. indet. 5 of 7 bags/bone fragment Jilliby Formation 
88052906 sp. indet. 6 of 7 bags/bone fragment Jilliby Formation 
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88052907 sp. indet. 7 of 7 bags/bone fragment 
89121401 sp. indet. bone fragments x 20 
89121402 sp. indet. bite marks on bone 
89121403 sp. indet. fragment fibula shaft 
90081801 Macropus sp. A molar 
90081802 Protemnodon anak upper R Ml 
90081803 sp. indet. long bone fragment 
90082801 sp. indet. tibia fragment 
90082802 Vombatus ursinus molar 
90090101 Macropus agilis L ramus 
90090102 Protemnodon anak upper 13 
90100801 sp. indet. fragment of bone 
90100802 sp. indet. fragment of bone 
90100803 sp. indet. longbone fragment 
90112601 sp. indet. skull fragment 
90112602 macropodid incisor 
90112603 sp. indet. tooth fragment 
90112604 sp. indet. vertebra 
90112605 sp. indet. braincase fragment 
90112606 cf. Protemnodon tooth/protoloph 
90112607 macropodid molar 
90112608 sp. indet. rib fragment 
90112610 sp. indet. bone fragments 
90112611 sp. indet vertebral crest 
90112612 sp. indet. bone fragments x 50 
90112701 sp. indet. fragment 
90112702 sp. indet. fragment 
90112703 sp. indet. enamel chip 
90112704 Sthenurus cf atlas molar loph fragment 
90112705 sp. indet. bone fragments x 40 
90112801 Vombatus sp. molar - juvenile 
90112802 Macropus agilis lower R incisor 
90112803 Macropus agilis lower L incisor 
90112804 Sthenurus sp. molar fragment 
90112805 Aepyprymnus rufescens premolar 
90112806 macropodid molar fragment 
90112807 sp. indet. bone fragments x 30 
90112808 sp. indet. bone fragment 
90112809 sp. indet. bone fragments 
90112810 sp. indet. bite mark fragment 
90112811 sp. indet. bone fragments 
90112812 sp. indet. plaster specimen 
90112813 sp. indet. bone fragments 
90112814 sp. indet. bone fragments 
90112815 sp. indet. phalanges 
90112816 sp. indet. bone fragments x 10 
90112817 reptile,? Varanid vertebra x 3 
90112901 sp. indet. calcrete/bone 
90112902 sp. indet. bone fragments x 2 
90112903 sp. indet. bone fragments x 10 
90112904 sp. indet. bone fragments x 10 
90112905 sp. indet. bone fragments x 10 
90112906 frog scapula 
90112907 sp. indet. bone fragments x 25 
90112908 ?frog phalanges 
90112909 ?frog longbone shaft 
90112910 macropodid incisor 
90112911 sp. indet. bone fragments x 40 
90112912 Aepyprymnus rufescens mandible 
90112913 macropodid maxilla fragment+ 2 molars 
90112914 sp. indet. bone flake 
90112915 sp. indet. bone flake 
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Jilliby Formation 
Jilliby Formation 
Jilliby Formation 
Jilliby Formation 
Jilliby Formation, 0.0 
Jilliby Formation, 1.2S in scree 
Jilliby Formation, 3.5S in scree 
Jilliby Formation 
Jilliby Formation 
Jilliby Formation 
Jilliby Formation 
Jilliby Formation, 0.2S 
Jilliby Formation. 15.5S 
Jilliby Formation, 0.0 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, plot 9, 3-5 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, plot 11.1-2 
Jilliby Formation, plot 11.1-2 
Jilliby Formation, 4.5S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 4.0S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, plot 9, 3-4 
Jilliby Formation, plot 1 l.4-5S 
Jilliby Formation, plot l 1.1-2S 
Jilliby Formation, plot 11.2-3 
Jilliby Formation, plot 9. 4-5 
Jilliby Formation, plot 9.3-4 
Jilliby Formation, plot 4.0S 
Jilliby Formation, plot 9 3-5 
Jilliby Formation, plot 9 3-5 
Jilliby Formation, plot 9, 3-5 
Jilliby Formation, plot 9.4-5 
Jilliby Formation, plot 9, 4.3+4.0 
Jilliby Formation, plot 9.4-5 
Jilliby Formation, plot 11.1-2 
Jilliby Formation, plot 11.2-3 
Jilliby Formation, south scree 
Jilliby Formation, south scree 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
90112916 Pseudomys sp. upper Ml 
90112917 Perameles sp. indet. molar tooth, lower R M2 
90113001 sp. indet. medium sized humerus 
90113002 sp. indet. bone fragments 
90113003 sp. indet. bone fragments 
90113004 sp. indet. bone fragments 
90113005 macropodid molar 
90113006 sp. indet. ?tooth/rock 
90113007 macropodid incisor 
90113008 ?reptile ramus 
90113008 fish scales x 3 
90113009 sp. indet. ?canine root 
90113010 macropoctid molar 
90113011 sp. indet. rib fragment 
90120201 P. roechuslbrehus black mandible - blue teeth 
90120202 Macropus sp. B R ramus 
90120203 sp. indet. crushed bone 
90120204 P. roechuslbrehus longbone fragments 
90120205 ?Protemnodon metatarsal 
90120206 sp. indet. bite marks 
90120207 sp. indet. bite marks/ rib 
90120208 sp. indet. weathered bone fragments 
90120209 Protemnodon anak lower incisor 
90120210 Macropus sp. indet molar, R upper 
90120211 sp. indet. ramus 
90120212 sp. iQdet. rib with bite marks 
90120213 sp. indet. tibia with bite marks 
90120214 sp. indet. V metatarsal 
90120215 sp. indet. fibula fragment 
90120216 sp. indet. bone fragment 
90120217 sp. indet. bone fragments x 5 
90120218 sp. indet. tibia fragment 
90120219 sp. indet. fibula fragment 
90120901 sp. indet. longbone fragment 
90121501 Macropus titan lower L incisor/green 
90121502 Ornithorhyncus anatinus L humerus 
90121503 sp. indet. bone fragments x 4 
90121504 sp. indet. bone fragments x 3 
90121505 sp. indet. bone fragments x 5 
90121506 ?fossil wood/bone water worn 
90121507 macropodid IV metatarsaV black 
90121508 macropodid ?ankle bone I black fragment 
90121509 sp. indet. ? fragment canine 
90121510 Macropus sp. indet. molar, upper L 
90121511 macropodid molar/ one loph worn 
90121512 Macropus sp. indet. small lower L M4 
90121513 sp. indet. slither of incisor tooth 
90121514 ?frog leg bone 
90121515 frog scapula 
90121516 sp. indet. calcrete I bone/mandible 
90121517 Macropus sp. B maxilla with M3, M4 
90121518 Macropus agilis L ramus 
90121519 sp. indet. bite marks 
90121520 sp. indet. flake I bite mark 
90121521 macropodid molar worn 
90121522 sp. indet. tiny bones x 2 
90121523 sp. indet. bone fragments x 50 
90121524 ? bird longbone epiphysis 
90121525 macropod tibia, fibula, and indet x 5 
90121701 macropodid molar, blue, worn 
90121702 reptile, ?Elapid tiny vertebra 
90121703 sp. indet. black longbone 
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Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, plot 9.3-4 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, scree, 0-2S 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, middle pile 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, middle pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, see field map 
Jilliby Formation, loose in grey hole 
Jilliby Formation, loose in grey hole 
Jilliby Formation, loose in grey hole 
Jilliby Formation, loose in grey hole 
Jilliby Formation, grey bulk 
Jilliby Formation, grey bulk 
Jilliby Formation, 6.0S 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, see field map 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
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90121704 Macropus sp. A 
90121705 macropodid 
90121706 sp. indet. 
90121707 sp. indet. 
90121708 Macropus sp. B 
90121709 sp. indet. 
90121710 Vombatus ursinus 
90121711 Lymnodynastes peronii 
90121712 sp. indet. 
90121713 sp. indet. 
90121714 sp. indet. 
90121715 sp. indet. 
90121716 sp. indet. 
90121717 sp. indet. 
90121718 sp. indet. 
90121719 Litoria citropa 
90122801 Perameles gunnii 
90122802 sp. indet. 
90122803 Vombatus ursinus 
90122804 macropodid 
90122805 macropodid 
90122806 sp. indet. 
90122807 sp. indet. 
90122808 sp. indet. 
90122809 ? frog 
90122810 sp. indet. 
90122811 sp. indet. 
90122812 sp. indet. 
90122813 sp. indet. 
90122814 sp. indet. 
90122815 sp. indet. 
90122816 sp. indet. 
90122817 sp. indet. 
90122818 sp. indet. 
90122819 sp. indet. 
90122820 sp. indet. 
90122821 sp. indet. 
90122822 sp. indet. 
90122823 sp. indet. 
90122824 sp. indet. 
90122825 sp. indet. 
90122826 sp. indet. 
90122827 sp. indet. 
90122828 sp. indet. 
90122829 sp. indet. 
90122830 Sp. indet. 
90122831 sp. indet. 
90122832 sp. indet. 
90122833 sp. indet. 
90123001 sp. indet. 
90123002 sp. indet. 
90123003 sp. indet. 
90123004 sp. indet. 
90123005 sp. indet. 
90123006 sp. indet. 
90123007 sp. indet. 
90123008 sp. indet. 
90123009 sp. indet. 
90123010 sp. indet. 
90123011 sp. indet. 
90123012 sp. indet. 
90123013 sp. indet. 
R maxilla, 2 molars 
enamel cap, tooth 
incisor, reduced canine tooth 
enamel fragment 
R lower M2 
molar fragment 
molar fragment 
ilium 
water worn bone fragments 
bone fragments x 30 
black longbone 
black longbone 
black longbone 
black longbone 
black longbone 
ilium 
upper molar tooth, M3 
enamel tooth fragment 
molar fragment 
molar tooth, worn 
molar tooth, fragment 
enamel tooth fragment 
fragment 
fragment 
tiny bones x 8 
fragment 
calcrete/ bone x 2 
rib fragment 
skull plate with suture line 
bone fragments x 3 
water worn fragment 
truncated tibia 
bone fagment 
nobby black bone fragment 
bite marks I brown bone 
bite marks I brown bone 
bite marks I brown bone 
bite marks I brown bone 
part of 91010605 
bite marks I brown bone 
bite marks I brown bone 
bite marks / brown bone 
bite marks I brown bone 
bite marks I brown bone 
bone fragment 
bone fragment 
bone fragment 
bone fragment 
bone fragments x 40 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
bite mark fragment 
fragment 
fragment 
AlO 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, from hole 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
Jilliby Formation, in sand in hole 
Jilliby Formation 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
90123014 sp. indet. 
90123015 sp. indet. 
91010601 maCTOJXXl.id 
91010602 maCTOJXXl.id 
91010603 sp. indet. 
91010604 Protemnodon anak 
91010605 sp. indet. 
91010606 Sthenurus sp. 
91010607 maCTOJXXl.id 
91010608 sp. indet. 
91010609 sp. indet. 
91010610 sp. indet. 
91010611 sp. indet. 
91010612 sp. indet. 
91010613 sp. indet. 
91010614 sp. indet. 
91010615 maCTOJXXl.id 
91010616 sp. indet. 
91010617 sp. indet. 
91010618 sp. indet. 
91010619 sp. indet. 
91010620 sp. indet. 
91010621 maCTOJXXl.id 
91010622 sp. indet. 
91010623 maCTOJXXl.id 
91010624 sp. indet. 
91010625 sp. indet. 
91011201 sp. indet. 
91011202 sp. indet. 
91011203 Macropus agilis 
91011204 maCfOJXXl.id 
91011205 maCTOJXXl.id 
91011206 Macropus sp. indet. 
91011207 Macropus sp. indet. 
91011208 Vombatus ursinus 
91011209 sp. indet. 
91011210 ? diprotodontid 
91011211 Macropus sp. indet 
91011212 Macropus agilis 
91011213 sp. indet. 
91011214 sp. indet. 
91011215 macropodid 
91011216 sp. indet. 
91011217 sp. indet. 
91011218 sp. indet. 
91011219 Macropus sp. B 
91011220 sp. indet. 
91011221 sp. indet. 
91011222 sp. indet. 
91011223 maCTOJXXl.id 
91011224 sp. indet. 
91011225 sp. indet. 
91011226 sp. indet. 
91011227 sp. indet. 
91011228 sp. indet. 
91011229 sp. indet. 
91011230 sp. indet. 
91011231 sp. indet. 
91011232 sp. indet. 
91011233 sp. indet. 
91011234 sp. indet. 
91011235 sp. indet. 
toe, phalange 
bone fragments x 50 
large caudal vertebra 
molar tooth 
broken incisor tooth 
R ramus 
fibula in 2 bits+ 90122823 
blue tooth, upper incisor 
incisor tooth fragment 
enamel tooth fragment 
enamel fragment 
bone fragments 
calcrete/ bone x 3 
black skull fragment 
bone fragments x 5 
rib fragment 
V metatarsal 
bone fragments x 30 
bite marks 
bite marks 
bite marks 
bite marks 
bite marks, fibula 
bite marks 
bite marks, fibula 
bite marks, radius 
bite marks, longbone shaft 
thoracic or lumbar vertebra 
centrum of vertebra 
lower R M2 or M3 
molar tooth 
enamel tooth fragment 
upperR 12 
lowerL M2 
molar fragment 
mandibular ramus 
green molar fragment 
green lower incisor 
incisor, R lower, worn tip 
fibula fragment/ bite mark 
bone fragments 
black fragments 
brown bone 
?head of femur 
humerus, bite marks 
R ramus 
bone fragment/ bite marks 
bone fragment/ bite marks 
bone fragment, black 
bone fragment/ bite marks 
bone fragment, black 
calcrete I bone 
calcrete I bone 
bone fragment/ bite marks 
bone fragment/ bite marks 
bone fragment/ bite marks 
bone fragment/ bite marks 
bone fragment/ bite marks 
blue tooth fragment 
bone fragment/ bite marks 
scapula fragment x 2 
skull fragments x 3 
All 
Appendix A: Fossil Catalogues 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, clay bed 
Jilliby Formation, sand bed 
Jilliby Formation, in scree 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
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91011236 sp. indet. weathered tibia fragments 
91011237 sp. indet. bone fragments x 60 
91011238 sp. indet. ? humerus 
91011239 reptile,? Elapid tiny vertebra 
91011240 reptile,? Elapid tiny vertebra 
91011241 sp. indet. vertebra 
91011901 sp. indet. bone fragments x 4 
91011902 sp. indet. bone fragments x 2 
91011903 sp. indet. puzzle bone/?sacral vertebra 
91011904 sp. indet. long bone fragment 
91011905 sp. indet. mixed bag bone fragments 
91011906 sp. indet. ? humerus but indet 
91011907 sp. indet. longbone fragment 
91011908 sp. indet. bone fragments x 5 
91011909 Macropus agilis premaxilla with 11-3 
910I 1910 sp. indet. yellow enamel tooth chip 
91011911 sp. indet. bone frag/ bite marks 
91011912 sp. indet. mandible I bite marks 
91011913 sp. indet. upper incisor tooth 
91011914 sp. indet. bone fragments x 20 
9I011915 sp. indet. scapula, very large 
91011916 sp. indet. nobby longbone 
91011917 sp. indet. tiny bones 
91011918 sp. indet. bone fragments x 10 
91011919 Litoria citropa tiny tiny bones 
91011920 sp. indet. bone fragments x 15 
91011921 sp. indet. bone fragments x 6 
91011922 sp. indet. molar and bone 
91011923 sp. indet. molar fragment 
91011924 sp. indet. incisorfragment 
91011925 sp. indet. bone fragments x 4 
91011926 sp. indet. enamel tooth fragment 
91011927 sp. indet. bone fragments x 5 
91011928 sp. indet. bone fragments x 4 
91011929 sp. indet. 2 x bone fragments 
91011930 macropodid molar tooth 
91011931 Mastacomys fuscus L. ramus with Ml-3 
91011932 macropodid yellow incisor tooth 
91011933 0 . anatinus left fibula 
9101 I934 sp. indet. bone fragments x 10 
910I I935 Macropus sp. A left lower incisor 
91011936 Macropus agilis R ramus 
91011937 macropodid molar tooth 
91011938 Ornithorhyncus anatinus left fibula 
91011939 sp. indet. ?vertebra/black 
91011940 sp. indet. pelvic fragment/black 
91011941 sp. indet. black bone I bite marks 
91011942 sp. indet. bone fragments x'20, tibia 
91011945 Litoria citropa ilium 
91011947 Litoria citropa ilium 
91012001 sp. indet. bone fragments x 20, skull 
91012501 sp. indet. tibia fragment 
91020301 sp. indet. ankle bone 
91020302 ? bird black end of limb bone 
91020303 sp. indet. bone fragments x 5 
91020304 sp. indet. bone fragments x 5 
9102080I macropodid black proximal end of tibia 
91020802 sp. indet. brown bone, bite marks 
9102I402 sp. indet. rib 
9102I601 sp. indet. longbone shaft 
9I021602 sp. indet. fibula 
9102I603 sp. indet. longbone shaft 
AI2 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Fonnation, 3rd pile 
Jilliby Fonnation, scree S 13.0 
Jilliby Fonnation, 3rd pile at site 
Jilliby Formation, scree S0-2 
Jilliby Fonnation, sluicing I IS? 
Jilliby Fonnation, sluicing I IS? 
Jilliby Formation, sluicing 1 IS? 
Jilliby Formation, out of hole 
Jilliby Formation, out of hole 
Jilliby Fonnation, out of hole 
Jilliby Formation, scree 12.SS 
Jilliby Formation, subunit IA 
Jilliby Formation, subunit IA 
Jilliby Formation, subunit IA 
Jilliby Formation, subunit IA 
Jilliby Fonnation, subunit 1B 
Jilliby Fonnation, subunit 1B 
Jilliby Fonnation, subunit 1B 
Jilliby Fonnation, subunit 1B 
Jilliby Fonnation, subunit 2A+B 
Jilliby Formation, subunit 2A+B 
Jilliby Fonnation, subunit 3A+B 
Jilliby Fonnation, subunit 3A+B 
Jilliby Formation, subunit 4A 
Jilliby Formation, subunit 4A 
Jilliby Formation, subunit 4A 
Jilliby Formation, subunit 4B 
Jilliby Fonnation, subunit 4B 
Jilliby Fonnation, subunit 5AB 
Jilliby Fonnation, subunit 6-8 
Jilliby Fonnation, subunit 6-8 
Jilliby Fonnation, subunit 9 
Jilliby Fonnation, subunit 9 
Jilliby Fonnation, subunit 9 
Jilliby Formation, subunit 9 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, subunit 10 
Jilliby Formation, subunit 10 
Jilliby Fonnation 
Jilliby Fonnation 
Jilliby Fonnation, 3rd pile 
Jilliby Fonnation, subunit 4B 
Jilliby Fonnation, out of hole 
Jilliby Fonnation, out of hole 
Jilliby Formation, subunit 9+10 
Jilliby Fonnation, out of hole 
Jilliby Fonnation, subunit 10 
Jilliby Fonnation, 3rd pile 
Jilliby Fonnation, scree at 9.0S 
Jilliby Fonnation, 3rd pile 
Jilliby Fonnation, 3rd pile 
Jilliby Fonnation, 3rd pile 
91021604 sp. indet. rib, bone fragments x 25 
91021605 lymnodynastes peronii ilium 
91021606 Aepyprymnus rufescens left lower incisor tooth 
91021607 sp. indet. 
91021608 Sthenurus cf atlas 
91021609 ?frog 
91021610 sp. indet. 
91021611 ?frog 
91021612 sp. indet. 
91021613 sp. indet. 
91021614 sp. indet. 
91021615 sp. indet. 
91021616 sp. indet. 
91021617 sp. indet. 
91021618 sp. indet. 
91021619 sp. indet. 
91021620 sp. indet. 
91021621 sp. indet. 
91021622 sp. indet. 
91021623 sp. indet. 
91021624 sp. indet. 
91021625 sp. indet. 
91021626 sp. indet. 
91021627 sp. indet. 
91021628 sp. indet. 
91021629 sp. indet. 
91021630 sp. indet. 
91022301 sp. indet. 
91022302 ? Sthenurus 
91022303 Vombatus ursinus 
91022304 sp. indet. 
91022305 sp. indet. 
91022306 sp. indet. 
91022307 sp. indet. 
91022308 sp. indet. 
91022309 macropodid 
91022310 sp. indet. 
91022311 sp. indet. 
91022312 macropodid 
91022313 sp. indet. 
91022314 Vombatus ursinus 
91022315 Vombatus ursinus 
91022316 sp. indet. 
91022317 sp. indet. 
91022318 Fox scat 
91022319 Fox scat 
91022320 macropodine 
91022321 macropodid 
91022322 sp. indet. 
91022323 sp. indet. 
91022324 sp. indet. 
91022325 sp. indet. 
91022326 sp. indet. 
91022327 sp. indet. 
91022328 sp. indet. 
91041601 sp. indet. 
91070101 Vombatus ursinus 
91070102 sp. indet. 
91070103 sp. indet. 
91070104 sp. indet. 
91070105 sp. indet. 
91080401 Vombatus ursinus 
enamel tooth fragment 
upper M3 
tiny bone I ? frog leg 
distal phalange 
tiny bones I ? frogs legs 
claw of medium sized animal 
longbone fragment 
fibula fragment 
2 x brown bone fragment 
rib fragment I bite marks 
skull fragment 
brown bone frag/ bite marks 
brown bone frag/ bite marks 
bone fragments x 40 
vertebra 
II or III metatarsal 
brown bone 
longbone shaft 
fibula 
brown bone, bite marks 
brown bone, bite marks 
?skull fragment 
fibula fragment 
longbones shaft 
incisor fragment 
Molar 
molar fragment 
tiny bones x 3 
bone fragments x 25 
bone fragments x 15 
bone fragment, bite marks 
long bone 
tibia fragment/ bite marks 
rib fragment 
mixed bag bone fragments 
black tibia fragment 
mixed bag bone fragments 
articulated limb 
molar 
black bone frag/ bite marks 
mixed bag bone fragments 
scats 
scats 
left lower incisor 
crest of tibia 
water worn black bone 
rib black bone fragment 
metatarsal fragment 
bone fragments x 12 
black rib fragment 
?rib fragment 
long bone fragment 
bone fragment + calcrete 
part of 91022314 
bite marks on longbone 
bite marks on fragment 
bone fragments with calcrete 
bone fragment in calcrete 
part of 91022314 
Al3 
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Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 3rd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 2nd pile 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 1 
Jilliby Formation, 8S Layer 2 
Jilliby Formation, 8S Layer 2 
Jilliby Formation, 8S Layer 2 
Jilliby Formation, 8S Layer 2 
Jilliby Formation, 8S Layer 3 
Jilliby Formation, 8S Layer 3 
Nestle Brae Fm, 8 S wombat burrow 
Jilliby Formation, 8 S Layer 4 
Jilliby Formation, 8 S Layer 4 
Jilliby Formation, 8 S Layer 4 
Nestle Brae Fm, 8 S, modern burrow 
Nestle Brae Fm, 8 S, modern burrow 
Jilliby Formation, 8 S 
Jilliby Formation, 8 S 
Jilliby Formation, 8 S 
Jilliby Formation, 8 S 
Jilliby Formation, 8 S 
Jilliby Formation, 8 S 
Jilliby Formation, lOS layer 10 
Jilliby Formation, 0-lS on scree 
Jilliby Formation, 0-lS on scree 
Jilliby Formation, IA at 12.0S 
Nestle Brae Fm, 8 S wombat burrow 
Jilliby Formation, scree pile 
Jilliby Formation, scree pile 
Jilliby Formation, scree pile 
Jilliby Formation 
Nestle Brae Fm, 8S wombat burrow 
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91080402 murid 
91080404 sp. indet. 
91080405 sp. indet. 
91080413 Macropus sp. A 
91091901 Dasyurus viverrinus 
91091902 sp. indet. 
91091903 sp. indet. 
91091904 sp. indet. 
91103001 Vombatus ursinus 
91103002 sp. indet. 
91112301 Dasyurus viverrinus 
91112302 sp. indet. 
91112303 sp. indet. 
91112304 sp. indet. 
92031601 Sp. indet. 
92051401 sp. indet. 
92052101 sp. indet. 
92052102 sp. indet. 
92052103 Sp. indet. 
92052104 sp. indet. 
92052105 Sthenurus sp .. 
92052106 Macropus agilis 
92052107 macropodid 
92052108 sp. indet. 
92052109 sp. indet. 
92052110 sp. indet. 
92052401 Macropus sp. A 
92052601 sp. indet. 
92092601 Macropus titan 
92092602 sp. indet. 
92092603 sp. indet. 
92093001 sp. indet. 
92122601 sp. indet. 
92122602 cf. Diptotodon optatum 
92122603 sp. indet. 
92122604 ? Sthenurus sp. 
92122605 sp. indet. 
93022801 Vombatus ursinus 
93022802 sp. indet. 
93041101 Macropus agilis 
93041102 Macropus agilis 
93041201 macropodid 
93041202 Macropus agilis 
93041203 sp. indet. 
93041204 sp. indet. 
93041205 sp. indet. 
93041206 Vombatus ursinus 
93041207 sp. indet. 
93041208 reptile 
94122501 Vombatus ursinus 
2 x lower incisors 
mixed bone fragments 
longbone shaft, bite marks 
mandible with some teeth 
L & R mandibles 
bite marks on V metatarsal 
bite marks on bone fragment 
bite marks on bone fragment 
molar fragment 
black rib fragment 
maxilla fragment with M3-4 
bone fragment 
bone in calcrete nodule 
big bone fragment 
bite marks on scapula 
vertebra 
enamel fragments x 9 
bone fragments x 2 
bone fragments x 3 
bone fragments x 4 
lower right incisor 
left maxilla P3-M4 
proximal tibial fragment 
long bones 
fragment 
enamel chip 
left & right ramus 
weathered bone fragment 
right maxilla with M2-M4 
longbone fragment 
molar 
fragment longbone 
fragment with bite marks 
molar fragment 
longbone fragment 
end & shaft of humerus 
longbone shaft 
molar 
fragment longbone 
left maxilla with M2-4 
right ramus 
fibula fragments 
upperL M4 
phalange 
longbone shaft fragment 
bone fragments 
left upper incisor, 
longbone fragment 
vertebra 
molar 
A14 
Nestle Brae Fm, 8S scree 
Jilliby Formation, South end in scree 
Jilliby Formation 
Jilliby Formation, 8S subunit 10 
Nestle Brae Fm, N wall of VS8S 
Jilliby Formation, on wall at 11.SS 
Jilliby Formation, same bed as B1L3 
Jilliby Formation, scree in 11.5S pit 
Jilliby Formation, bed I, gravel 8.5S 
Jilliby Formation, bed I, 8.SS 
Jilliby Formation, bed vi (clay) 7.3 S 
Jilliby Formation, bed vi , 11.5 S 
Jilliby Formation, bed vi, 11.0 S 
Jilliby Formation, bed vi (clay) 7.5 S 
Jilliby Formation, 11.0S, clay bed 
Nestle Brae Fm, 8S burrow 
Jilliby Formation, O.OS VS160-180cm 
Jilliby Formation, O.OS VS140-160cm 
Jilliby Formation, O.OS VS120-140cm 
Jilliby Formation, O.OS VS100-120cm 
Jilliby Formation, O.OS VS 100-120cm 
Jilliby Formation, O.OS VS162 cm 
Jilliby Formation, O.OS VS 0-30 cm 
Jilliby Formation, O.OS VS115-120cm 
Jilliby Formation, O.OS VS160-180cm 
Jilliby Formation, O.OS VS160-180cm 
Jilliby Formation, 8.SS Layer 1 
Jilliby Formation, 0.5S 
Jilliby Formation, 11.0S 
Jilliby Formation, 0.5S, 160-180cm 
Jilliby Formation, 8.0N at contact 
Nestle Brae Fm, 2.0N in CCR insitu 
Jilliby Formation, 5.0S 
Jilliby Formation, 10.0S ?subunit 10 
Jilliby Formation, 10.0S 
Jilliby Formation, 0.0 at datum 
Jilliby Formation, 0.0 at datum 
Nestle Brae Fm, 6.0S 80 cm from top 
Nestle Brae Fm, 5.8S 90 cm from top 
Jilliby Formation, 10.SS in scree 
Jilliby Formation, 12.0S in gravel 
Jilliby Formation, 6.0N, in scree 
Jilliby Formation, 6.0N 
Jilliby Formation, 7.3N 
Jilliby Formation, 7.5N, 
Jilliby Formation, 8.3N 
Jilliby Formation, 9.3N, 
Jilliby Formation, 12.lN 
Nestle Brae Formation, 15.5N 
J illiby Formation 
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Appendix B.1: Primary data - measurements (mm) of fibula and humerus of Ornithorhynchus anatinus. ""O 1:%".l 
Cat. No Location Specie• FL FFL FDW HL HOW HPW z 0 
~ 
M437 Burrinjuck Dam 0. anatinus 65.6 49.4 7.0 33.7 28.6 17.8 ~ 
M438 Burrinjuck Dam 0. anatinus 53.8 41.8 5 .8 30.2 23.8 15.1 t:i= .. 
M436 Burrinjuck Dam 0 . anatinus 57.9 42.3 6.0 31.8 26.3 17.0 ""O 
M244 Canberra 0 . anatinus 65 .3 48.9 7.2 33.0 28.1 18.3 
M79a no data 0. anatinus 68.1 49 .9 6.6 
to I M79b no data 0 . anatinus 52.6 40.8 5.6 
~ 
~ 
> M79c no data 0 . anatinus 37.0 30.7 19.8 ~ 
M79d no data 0. anatinus 34.3 28.7 17.8 ~ 
M79e no data 0. anatinus 36.6 29.8 19.0 
M79f no data 0. anatinus 37.4 30.9 19. 7 
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Appendix B.2: Primary data - measuremants (mm) of upper canine of Sarcophllus harr/sll. 
Cat. no Location Speciea buccalh lingualh ant-poat w buc-lin w 
CM518 Tasmania S. harrisii 15.9 13.4 7.2 7.1 
CM632 Tasmania S. harrisii 16.6 14.9 7.3 7.0 
~I CM633 Tasmania S. harrisii 16.9 14.8 7.2 6.7 CMl 1955 Tasmania S. harrisii 16.5 14.8 7.5 7.3 
CMl 1960 Tasmania S. harrisii 14.3 12.7 6.7 6.6 
CMl 1961 Tasmania S. harrisii 16.3 13.7 7.7 7 .4 
CMl 1956 Tasmania S. harrisii 14.8 13.5 7 .6 6.9 
CMl 1959 Tasmania S. harrisii 15.1 12.9 7.5 7.1 
CMl 1958 Tasmania S. harrisii 15.5 13.0 7.1 7.0 
CM11957 Tasmania S. harrisii 15.9 13.6 7.4 7.3 
CM6833 Tasmania S. harrisii 16.3 13 .6 7.2 6 .9 
CM6834 Tasmania S. harrisii 15.2 13.8 7.5 7 .0 
CM516 Tasmania S. harrisii 16.5 14.8 7.1 6.8 
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Appendix B.3: Primary data - measurements (mm) for lower and upper teeth of Dasyurus maculatus, D. viverrinus, D. halluctus and D. geoffroii. 
Cat. no Location Species Lower Upper M1 M3 
P1L P3L M1L M1AW M2L M2AW M3L M3AW M4L M4A M1-4 C..P3 P1L P3L M1L M1AW M2L M2AW M3L M3AW M4L M4AW M1-M4 C-P3L nnlnm nn1nm 
M67 Tas D. macu/atus 3.9 4.5 4.7 2.9 6.1 3.6 6.5 4.2 6.9 3.9 24.5 17.7 3.3 4.1 6.2 4.6 6.6 5.7 6.2 6.7 2.4 6.9 21 .4 15.4 - -
unreg. D Tas D. macu/atus 3.9 4.2 4.9 2.6 5.7 3.3 5.9 3.7 6.7 3.9 23.7 17.7 3.6 4.4 5.6 4.2 6.2 5.3 6.1 6.3 2.6 6.9 21.2 17.8 
- -
CM15270 se NSW D. maculatus 3.8 4.7 5.9 3.5 6.0 3.7 6.5 4.1 6.7 3.9 25.6 19.3 3.6 4.2 6.1 4.4 6.7 5.7 6.9 6.7 2.7 7.4 22.6 17.4 - -
CM15433 se NSW D. maculatus 3.9 4.3 4.8 2.8 5.9 3.5 5.9 3.8 6.1 3.7 24.2 18.9 3.5 4.0 6.0 4.2 6.5 5.4 6.7 6.4 2.7 7.2 21 .8 16.8 
- -
CM6847 se NSW D. maculatus 3.8 4.2 4.9 2.9 5.7 3.5 5.7 3.7 6.0 3.4 22.5 14.2 3.6 4.1 5.8 4.2 6.5 5.2 6.3 6.0 2.4 6.8 20.6 14.1 
- -
CM556 neNSW D. maculatus 3.9 4.1 5.2 2.9 5.5 3.5 5.9 3.9 6.3 3.7 23.6 15.2 3.4 4.1 5.8 4.1 6.3 5.1 5.9 5.8 2.7 6.4 20.5 14.2 - -
CM282 neNSW D. macu/atus 3.7 - 5.2 3.0 5.7 3.3 6.3 3.9 6.3 3.7 23.4 - 3.5 4.2 5.6 4.0 6.1 5.1 6.6 6.3 2.7 6.6 21.0 15.7 - -
CM3893 seNSW D. macu/atus 4.0 4.6 5.3 3.3 6.0 3.7 6.3 4.2 6.9 3.7 25.1 14.4 3.5 4.1 6.4 4.5 7.2 5.9 6.8 6.7 2.7 6.9 22.3 13.6 - -
CM281 neNSW D. maculatus 3.8 4.4 5.2 3.0 5.9 3.6 6.2 4.1 6.6 3.9 25.0 16.1 3.3 4.0 5.9 4.1 6.5 5.4 6.5 6.4 2.7 6.9 22.1 14.8 - -
CM883 neNSW D. maculatus 4.1 4.1 5.4 3.3 5.7 3.8 5.7 4.1 6.0 3.6 23.8 14.8 3.3 4.2 6.1 4.3 6.1 5.3 6.3 6.2 2.7 6.7 20.9 14.8 - -
M310 Tas D. viverrinus 3.3 4.0 4.5 2.4 5.5 3.1 6.0 3.5 6.0 3.5 22.0 11.9 2.8 3.8 5.5 3.9 5.8 5.0 6.1 6.1 2.2 6.4 19.8 11.3 0.7 0.8 
CM13675 Tas D. viverrinus 3.8 3.9 4.7 2.4 5.2 3.1 5.4 3.3 5.2 3.2 20.4 13.8 3.1 3.9 5.8 3.9 5.2 5.0 5.4 5.5 2.3 5.7 18.2 12.6 0.7 0.8 
CM13637 Tas D. viverrinus 3.8 4.2 4.4 2.3 5.1 3.0 4.9 3.1 5.2 3.1 20.3 14.9 3.0 3.9 5.6 3.9 5.3 4.9 5.5 5.4 2.6 6.2 18.7 14.1 0.7 0.8 
CM3937 Tas D. viverrinus 3.5 3.7 4.5 2.2 4.9 2.8 4.8 3.1 5.1 2.8 19.8 12.5 3.0 3.6 5.6 3.7 5.4 4.7 5.6 5.4 2.1 5.3 18.3 11.4 0.6 0.7 
CM517 Tas D. viverrinus 2.8 3.5 4.4 2.0 5.1 2.7 5.4 3.1 5.4 3.0 20.0 10.4 2.5 3.2 5.3 3.3 5.2 4.2 5.3 4.8 - - - 9.6 0.6 0.7 
CM1290 Tas D. viverrinus 2.9 3.7 4.0 1.9 4.4 2.6 4.6 3.0 4.8 2.8 19.0 10.9 2.7 3.6 5.4 3.4 5.3 4.2 5.4 4.5 2.1 5.1 17.8 10.0 0.6 0.7 
CM1288 Tas D. viverrinus 3.1 3.7 4.3 2.2 5.0 3.0 4.6 3.2 5.0 3.1 19.5 12.5 2.8 3.6 5.5 3.5 5.0 4.6 5.3 5.3 2.3 5.5 18.1 11.7 0.7 0.7 
CM13651 Tas D. viverrinus 3.8 4.1 5.0 2.5 5.1 3.3 5.1 3.5 5.1 3.3 21 .0 14.8 3.0 4.0 6.0 4.3 5.6 5.2 5.5 5.6 2.4 6.0 19.0 13.9 0.7 0.7 
CM1289 Tas D. viverrinus 3.7 3.8 4.5 2.0 4.9 2.9 4.8 3.3 5.0 3.1 20.4 13.3 2.8 3.5 6.0 3.8 5.8 4.7 5.7 5.6 2.1 5.7 19.0 11.9 0.6 0.7 
CM13670 Tas D. viverrinus 3.4 3.7 - - 5.0 3.2 4.9 3.3 - - 21.1 14.7 3.3 3.8 5.7 4.0 5.5 5.0 5.4 5.6 2.3 5.8 19.0 13.6 0.7 0.7 
CM11839 Tas D. viverrinus 3.6 3.8 4.8 2.4 4.7 3.1 4.6 3.4 4.6 3.3 20.4 12.6 3.1 3.7 5.5 3.7 5.5 4.7 5.2 5.1 2.3 5.4 18.8 11.2 0.7 0.8 
CM7924 NT D. halutatus 2.4 2.9 3.7 2.0 4.0 2.3 3.9 2.6 3.7 2.4 16.2 10.0 2.2 2.9 4.1 2.7 4.2 3.5 4.1 4.2 1.6 4.2 14.1 9.7 - -
CM7028 NT D. haHutatus 2.6 2.9 3.7 1.8 3.8 2.2 3.6 2.5 3.5 2.3 15.9 11.2 2.0 3.1 4.6 3.0 4.3 3.9 4.3 4.4 1.7 4.8 15.0 10.8 - -
CM7614 NT D. hal/utatus 2.5 3.2 3.7 1.8 4.0 2.2 4.0 2.5 4.3 2.3 16.5 9.7 2.4 2.9 4.4 3.0 4.2 3.8 4.1 4.5 1.5 4.6 14.6 9.3 - -
CM7886 NT D. halutatus 2.4 2.9 3.7 2.1 4.0 2.3 3.9 2.6 3.9 2.4 16.7 10.6 2.2 3.1 4.6 3.0 4.0 4.0 4.1 4.6 1.8 4.5 14.9 9.6 - -
CM7009 NT 0. halutatus 2.4 2.9 3.6 1.8 3.7 2.3 3.9 2.5 3.3 2.3 15.6 9.6 2.0 3.0 4.4 2.8 4.2 3.7 4.0 4.4 1.6 3.8 14.6 9.7 - -
CM12866 S of Perth 0. geoffroii 3.5 3.8 4.5 2.3 5.1 2.8 5.2 3.2 5.0 2.9 19.9 13.2 3.0 3.6 5.9 3.7 5.6 4.7 5.6 5.4 2.2 5.5 18.8 11.8 0.7 0.8 
WAM160 Nr Perth O. geoffroii 3.5 3.6 4.4 2.3 4.9 3.0 5.0 3.3 5.3 3.1 19.6 13.0 2.7 3.2 5.4 3.3 5.1 4.5 5.2 5.3 1.9 5.9 17.9 13.0 0.6 0.8 
WAM160 Gracefleld 0 . geoffroii 3.3 3.6 4.6 2.1 5.3 3.0 5.6 3.3 5.6 3.2 20.8 12.9 2.8 3.6 5.7 3.5 5.6 4.6 5.7 5.5 2.1 5.4 18.7 12.9 0.6 0.7 
WAM876 Denmark O.geoffroii 3.3 3.9 4.9 2.3 5.5 3.0 5.8 3.5 5.8 3.4 21.7 12.9 2.7 3.6 5.4 3.8 5.9 5.0 5.8 6.1 2.0 5.8 19.3 12.9 0.7 0.8 
WAM757 Kojonup 0. geoffroii 3.7 4.2 5.3 2.5 6.0 3.2 5.6 3.6 5.8 3.4 22.4 14.4 3.3 3.9 6.4 3.6 6.3 4.9 5.9 5.8 2.1 6.0 20.1 14.4 0.5 0.7 
WAM129 Cannington 0 . geoffroii 3.5 3.5 4.7 2.7 5.1 2.8 5.3 3.2 5.6 3.0 20.5 11.9 3.2 3.6 6.0 4.0 5.5 4.8 5.8 5.4 2.1 5.9 18.7 11.9 0.6 0.7 
WAM206 Mahogany D. geoffroii 3.2 3.6 4.5 2.1 4.8 2.8 5.0 3.1 5.2 3.0 19.6 11 .2 2.7 3.3 5.3 3.5 5.6 4.7 5.1 4.9 2.0 5.6 17.9 11 .2 0.5 0.8 
WAM160 Yallingup D. geoffroii 3.8 3.8 4.8 2.2 5.4 2.9 5.6 3.3 5.7 3.3 21.3 12.3 3.2 3.7 5.8 3.6 5.6 4.8 5.6 5.6 - - - 12.3 0.6 0.6 
WAM206 Bedfordale D. geotrroM 3.3 3.4 4.7 2.2 5.1 2.7 5.0 3.2 5.5 3.1 19.8 11.3 2.7 3.3 5.6 3.4 5.5 4.7 5.5 5.5 1.9 5.8 17.7 11.3 0.6 0.8 
WAM123 Serpentine D. geoffroii 3.2 4.0 4.8 2.6 5.6 3.2 5.8 3.5 5.9 3.5 21 .8 13.9 2.5 3.8 5.9 3.8 6.1 4.9 6.0 6.0 2.0 6.2 19.4 13.9 0.6 0.8 
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Appendix B.4: Primary data - measurements (mm) of lower and upper teeth of lsoodon obesu/us and /. macrourus. 
C•t. No Location Sp•cie• Lower Upper 
P1L P1W P3L P3W M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M1L M1AW M1PW M2L M2AW M2PW 
AD10 Tas, Launceston I. obssulus 2.4 1.0 2.7 1.2 3.2 1.8 2.3 3.6 2.2 2.5 3.6 2.3 2.6 3.5 2.5 3.0 3.5 3.1 3.4 
CM15331 NSW, Eden I. obssulus 2.6 1.1 2.9 1.2 3.5 2.0 2.2 3.6 2.3 2.4 3.6 2 .5 2.6 3.6 2.5 3.0 3.6 3.3 3.4 
CM15836 Tas, Hobart I. obssulus 2.2 1.0 2.5 1.1 3.2 1.9 2.5 3.6 2.0 2.4 3.9 2.4 2.6 3.6 2.6 2.9 3.6 3.2 3.4 
CM652 Qld, Cairns I. macrourus 3.2 1 .1 3.4 1.3 3.7 2.4 3.1 4.4 3.1 3.6 4 .8 3.3 3.4 4.4 2.9 3.7 4.2 4 .0 4.0 
CM435 NSW, Tooloom I. macrourus 3.0 1.2 3.2 1.5 3.7 2.2 2.8 3.7 2.9 3.6 4.2 3.3 3.5 4.0 3.1 3.6 4.1 3.6 4.1 
CM478 NSW, Woodenbong I. macrourus - - - - 3.7 2.1 2.5 4.0 2.6 2.7 - - - 4 .0 2.7 3.4 4.2 3.1 3.7 
~ AMS1731 NSW, Clarence R. I. macrourus - - - - - - - - - - - - - 4.2 3.3 4.1 4 .1 3.7 4.6 AMS1732 NSW, Comboyn I. macrourus - - - - 3.9 2.3 2.7 3.8 2.8 3.3 4.2 3.3 3.1 3.9 3.2 3.6 4 .5 3.6 3.9 
AM816 NSW, Lithgow I. macrourus - - - - 4.4 2.3 2.9 3.9 2.8 3.1 4 .2 3.1 3.2 3.9 3.3 3.7 4.5 3.8 4.5 
AM3777 NSW, Comboyn I. macrourus - - - - 3.6 2.3 2.6 3.8 2.7 3.1 4.1 2.9 3.2 3.8 3 .0 3.3 4.1 3.5 3.7 
AM6200 NSW, Muiumbinbi I. macrourus - - - - 4.0 2.3 2.6 4.1 2.3 3.3 4.4 3.0 3.3 4.3 3.0 3.6 4.0 3.9 4.3 
AM8084 NSW, Gosford I. macrourus - - - - 3.8 2.3 2.7 3.9 2.8 3.2 4.4 3.1 3.5 4.3 3.5 3.6 3.9 3.8 4.1 
AM8168 NSW, Gosford I. macrourus - - - - 3.5 2. 1 2.5 3.8 2.5 3.0 4 .0 2 .8 3.0 4.0 3.0 3.5 4.0 3.5 3.8 
AM8180 NSW, Morisett I. macrourus - - - - 3.7 2.8 2.5 3.5 2.9 3.4 4.0 2.9 3. 1 4 .0 3. 1 3.3 4.3 3.5 3.8 
AM8181 NSW, Morisett I. macrourus - - - - 3.2 2.2 2.9 3.9 2.6 2.9 4 .1 2.7 2.9 4.2 2.8 3.2 4.0 3.4 3.8 
AM8186 NSW, Morisett I. macrourus - - - - 3.4 2.1 2.4 3.6 2.6 2 .9 4.0 2.7 2.9 3.6 2.9 3.2 3.9 3.4 3.7 
AM8230 NSW, Woolgoola I. macrourus - - - - 3.3 2.2 2.6 3.8 2.6 3.0 4.0 2.8 3.2 4.0 3.0 3.7 3.8 3.5 4.1 
AM8392 NSW, Tooloom I. macrourus - - - - 3.5 2.0 2.4 3.8 2.5 3.1 4.0 2.8 3.2 4.0 2.8 3.3 3.9 3.2 3.8 
AM9010 NSW, Ettalong I. macrourus - - - - 3.3 2.0 2.3 4.0 2.4 2.8 4.2 2.5 2.7 4.1 2.6 2.9 3.9 3.1 3.5 
AM24522 NSW, Foster I. macrourus - - - - 3.5 2.0 2.5 3.7 2.4 3.0 4.0 2.7 3.2 3.8 2.7 3.0 4 .0 3.3 3.8 
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Appendix B.5: Primary data - measurements (mm) of lower and upper teeth of Perameles gunnii, P. bougainville and P. nasuta. 
Cet. No Location Species Lower 
MH M1AW M2l M2AW MJL 
CM6807 Tas P. gunnii 
CMl 2658 Tas P. gunnii 
CMl 2701 Tas P. gunnii 
CM12865 Tas P. gunnii 
M315 Tas P. gunnii 
M313 Tas P. gunnii 
Karyn T as P. gunnii 
CM5786 Atherton, Old P. nasuta 
CMl 0808 Atherton, Old P. nasuta 
CM3823 ne NSW P. nasuta 
CM 1 0809 Atherton, Old P. nasuta 
CM253 ne NSW P. nasuta 
CM144 ne NSW 
CM15501 ne NSW 
se NSW 
Sit NSW 
P. nasuta 
P. nasuta 
P. nasuta 
P. nasuta 
Atherton, Old P. nasuta 
3.7 1.9 
3.9 2 .1 
3.7 1 .9 
3.7 2 .1 
3.5 
3.4 2.0 
3.4 1 .9 
3.5 1.9 
3.2 2.2 
3.6 2 .0 
3.4 2 .0 
3.6 2.1 
3.7 2 .1 
3.4 2 .1 CM3896 
CM979 
CM5785 
Allens C. 
Allens C. 
SA Nullabour P. bougainville 1-
SA Nullabour P. bougainville -
3.5 2.3 
3.9 2.4 
4.1 2 .2 
3.9 2 .4 
3.5 
4.1 2.3 
3.5 2.1 
3.7 2.2 
3.5 2.3 
3.7 2.2 
3 .7 2.3 
3 .7 2.3 
4.0 2.4 
4.1 2.3 
3.5 
3.9 
3.7 
3.8 
3 .7 
3 .9 
4.1 
3.6 
3.9 
3 .7 
3.7 
3.7 
3.8 
4.2 
4.2 
Upper 
MJAW M4l M4AW M1-4 IMH M1AW M2l M2AW MJL MJAW M4l M4AW 
2.5 3 .7 2.1 
2.4 3.7 2.0 
2.2 3.7 2 .0 
2.5 3.8 2 .2 
3.6 
2.3 3.8 2.0 
2 .5 3.8 2.0 
2.5 4.0 2.1 
2 .3 4.2 2.2 
2.4 4.0 2 .2 
2.2 4.2 2.1 
2.4 4.2 2.1 
2.3 4.0 2.1 
2.5 5.0 2.4 
2 .5 4.9 2 .3 
15.3 4.8 2.9 
15.3 4 .7 2.9 
15.4 4.6 3 .0 
15.2 4.6 3.3 
14.1 
15 .7 4.4 3 .1 
15.4 4.5 2.7 
15.7 4.2 2 .5 
15.0 4.2 2.6 
14.9 4.0 3.2 
15.6 3 .7 2.9 
15.3 3.8 3 .1 
15.2 3.9 3 .2 
17.1 4.5 3 .1 
16.3 14.4 
3.7 
3.9 
2.3 
3 .7 3.5 
4 .0 3.4 
4.0 3.3 
3.8 3 .8 
3.9 3.4 
3 .8 3.4 
4 .0 3.2 
4 .0 3.4 
3 .8 3 .5 
4.0 3.4 
4.1 3.3 
3.8 3 .5 
4 .3 3.6 
4.2 
3.6 
4.0 
3.0 
2.8 
3.5 
2.6 
2.8 
3.5 3.8 
3 .7 4 .0 
3.7 3.8 
3.6 4.2 
3.5 3 .7 
4.1 3.9 
4.4 3.9 
4.2 4 .0 
4.4 3 .9 
4.2 3 .8 
4 .2 3.8 
4.9 4.1 
4 .3 
4.1 
4.4 
3 .1 
2.9 
4.1 
2.9 
3.0 
2.8 3.6 
3.3 4.2 
3 .0 3.8 
3.2 4.0 
3.0 4.0 
3 .6 3.8 
3.7 3.8 
3.7 4.2 
3 .5 4.1 
3 .1 3 .8 
3 .1 3.6 
3 .8 4.4 
3.3 
3 .8 
2.2 2.9 
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Appendix 8 .6: Prlm.ry data - dlmenalona (mm) of lower teeth of A. rufucen• and Bettongla app. 
Cat. no. Location Species Lower 
dP3L dP3AW dP3PW P2L P2AW P2PW P3L P3AW P3PW M1L MlAW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW 
CM512 
CMS 
CM511 
CM6027 
CM391 
CM152 
CM108 
CM488 
CM115 
CM366 
CM1434 
CM641 
CM12848 
CM3616 
CM643 
CM15429 
CM15103 
M385 
M135a 
M249 
M135b 
M301 
Tooloom,NSW 
Tooloom,NSW 
Tooloom, NSW 
Tooloom,NSW 
Tooloom, NSW 
Tooloom, NSW 
Bonalbo,NSW 
Tooloom,NSW 
ne NSW 
W. of Risk,NSW 
Mareebe,Qld 
Sarine.Old 
captive, ACT 
captive. ACT 
Bowen.Old 
Blecht. Park.Old 
Monto,Qld 
Blue Weter Old 
Mungo, NSW 
Willendre,NSW 
Mungo,NSW 
Yencheo.WA 
M303 Koonalde,SA 
CM15504 captive, ACT 
CM12872 Bernier la.WA 
CM6040 captive. ACT 
CM12874 Bernie ls.WA 
CM12873 Bernie la, WA 
CM15049 captive, ACT 
M41 aw.WA 
M42 aw.WA 
CM11456 captive, ACT 
CM12675 Dryendra. WA 
CM11455 captive. ACT 
CM 11458 captive, ACT 
CM 11453 captive, ACT 
CM11455 captive. ACT 
CM13436 WA 
CM13457 WA 
CM10818 Kempton.Tea 
CM15437 Epping Forest.Tee 
CM10790 Kempton.Tee 
M403 Teamenie 
CM15703 Wombeyen 
CM15704 Wombeyen 
A. ruftJSctms 
A. ruftJSctms 
A . ruftJScens 
A. ruftJScens 
A . ruftJScens 
A. ruftJScens 
A. ruftJScens 
A. rufescens 
A. rufescens 
A. ruftJScens 
A. ruftJScens 
A. rufescens 
A. rufescens 
A. rufescens 
A. rufescens 
A. rufescens 
A. rufescens 
A . rufescens 
8. lesueur 
8 . lesueur 
8 . lesueur 
8 . lesueur 
8 . lesueur 
8 . lesueur 
8. lesueur 
8 . lesueur 
8. lesueur 
8 . lesueur 
8 . lesueur 
8 . penicillata 
5 .4 
4 .9 
5 .5 
5.4 
4 .9 
5.1 
5.4 
4.6 
4 .3 
3.3 
8. penicillata 13.4 
8. penicillata 
8 . penicillata 
8. penicillata 
8. penicillata 
8 . penicillata 
8 . penicillata I 3 
8. penicillata 
8. penicillata 
8. garmardi 
8. garmardi I 3. 2 
8. garmardi 
8. garmardi 14.2 
8. garmardi 
8. garmardi 15 .6 
2.4 
2.8 
3.1 
2.8 
2.1 
2.7 
3 
2.9 
3.8 
3 .6 
4 
3.9 
3 .4 
3 .6 
3 .8 
3.8 
5.9 2.3 
5 .9 2.7 
6 .3 2.4 
6 2.1 
6 .1 2.1 
6 .3 2 .4 
6.4 2.8 
6 2.8 
5 .7 
4.2 
4.3 
3 .6 
4.5 
4 .7 
4 .5 
2.9 
3 
3 
2.8 
2.9 
2.7 
3.1 
3 .2 
8.4 
8.3 2 .8 
8 .5 2 .8 
7 .8 2.4 
7 .6 2 .5 
8.3 3.1 
8.2 2.5 
8 .2 3 
7.1 
7 .8 
7.6 
7 .6 
7.8 
6 .8 
7.5 
7 
5 .5 
6 .5 
6.4 
6.1 
7 
6.4 
6 .5 
6.8 
7.8 
3 .3 
3.3 
3 .1 
3.2 
3 .1 
3 .2 
3.2 
5 .6 3 .8 
5.1 3 .8 
6 .2 4 
6 .1 4 .3 
6.1 3 .9 
4.4 3.7 
5 .6 3.3 
4 .2 3 .7 
5 3.5 
3 .7 3 
5.6 3 .8 
6 3 .8 
6.6 3.6 
4.9 3.9 
4.2 3.8 
3.6 3 .2 
4.3 
4.2 
4 .2 
4.4 
4.3 
4.1 
4 
4.5 
3 .9 
3.4 
4 
4.2 
4.1 
4.3 
4.3 
3 .5 
,f 
_.:_cl_ 
6.5 4.4 
6.6 4 .6 
6 .2 4 .5 
4 .8 4.3 
6 4.5 
5.5 4.7 
5.4 4.2 
4.8 4 
6 .3 4 .8 
6 .7 4.3 
6. 1 4 .7 
6.7 4 .6 
5.5 4.1 
5.9 4.2 
4.8 4 .9 
4 .6 3.9 
4.7 4.7 
4.2 3.9 
4 3.7 
4.1 3 .4 
3.9 3 .8 
3.9 3.7 
4.2 3.9 
4 .5 4 .5 
3.6 3 .6 
4.1 3.9 
3.8 3.7 
3.8 3.6 
4 3.7 
3 .9 3.7 
3 .7 
3.7 3 .3 
4.6 4.3 
4.6 4 
5.2 4.5 
4.9 4.2 
5.9 4.2 
4.7 
4 .8 
4.4 
4 .7 
4.7 
5.1 
4 .5 
4 .3 
4 .6 
4 .3 
4 .8 
4 .9 
4 .2 
7 .2 5 .3 
6 .8 5.1 
6.2 5 .2 
6 5.3 
5.9 5.3 
6.2 4.8 
5 .6 5 
6.6 4.9 
6 .6 6.4 
6 .2 5 
5 .9 4.9 
5 
4.6 
4 .6 
4.6 
5 .1 
4.5 
4.9 
4.3 
6 .2 
4.9 
4.4 
5 .7 4 .9 
5.9 4.9 
5.9 4.4 
6.7 4.7 
6 4.9 
5.9 5.8 
3 .1 
3.4 
3 
3 .1 
3 .1 
2.6 
2 .6 
2 .6 
2.7 
3 
2.7 
2 .6 
3 .1 
2 .5 
2 .4 
4 .1 
4.3 
4.2 
4 .2 
4 
3 .8 
4 .6 
4 
3.8 
2.3 
3.3 
2 
1. 7 
2.5 
1.9 
2 .1 
2.2 
1.9 
1.8 
1.9 
2.2 
1.7 
1.5 
3.4 
3 
3 
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Appendix 8.7: Primary data - measurements (mm) of upper teeth of A. rufescens and Bettongia spp. 
Cllt. no. Loolltion spec1 .. Upper 
P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3PW M2-3 M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M41'W 
CM512 
CM8 
CM511 
CM6027 
CM391 
CM152 
CM108 
CM488 
CM115 
CM366 
CM1434 
CM641 
CM12848 
CM3616 
CM643 
CM15429 
CM15103 
M385 
Tooloom. NSW 
Tooloom,NSW 
Tooloom,NSW 
Tooloom,NSW 
Tooloom,NSW 
Tooloom,NSW 
Bonalbo,NSW 
Tooloom,NSW 
ne NSW 
W . of Risk,NSW 
Mareeba,QJd 
Sarina.Old 
captive, ACT 
captive, ACT 
Bowen, Old 
Blecht. Park.Old 
Monto,Old 
Blue Water Old 
M135a Mungo, NSW 
M249 Willandra,NSW 
M135b Mungo,NSW 
M301 Yancheo,WA 
M303 Koonalda,SA 
CM15504 captive, ACT 
CM12872 Bernier ls.WA 
CM6040 captive, ACT 
CM12874 Bernie ls.WA 
CM1 2873 Bernie Is, WA 
CM15049 captive, ACT 
M41 aw.WA 
M42 sw,WA 
CM11456 captive, ACT 
CM12675 Dryandra, WA 
CM11455 captive, ACT 
CM11458 captive, ACT 
CM11463 captive, ACT 
CM114562 captive, ACT 
CM13436 WA 
CM13467 WA 
CM10818 Kempton,T• 
A. rufe:scen:s 6 . 9 
A. rufe:scen:s 6 .6 
A. rufe&cen:s 7 .3 
A. rufescens 6 .6 
A. rufe&cen:s 7 .1 
A. rufe:scen:s 6 . 9 
A. rufe:scen:s 
A. rufe:scen:s 
A. rufe:scen:s 
A. rufe:scen:s 
A. rufe:scen:s 
A. rufe:scen:s 6 .86 
A. rufe:scen:s 7 . 6 3 
A . rufucen:s 6.62 
A. rufe:scen:s 6 .83 
A. rufescens 
A. rufescen:s 
A. rufe:scens 17.23 
8 . /esueur 
8. /esueur 
8. Je:sueur 14.71 
8. /e:sueur 
8 . Juueur 15.14 
8 . /esueur 
8. Je:sueur 
8 . Je:sueur 
8. Juueur 
8 . /e:sueur 
8. Je:sueur 
8 . penicill•t• 
8. penicil/ata 
8. penicillata 
8 . penicillata 
8 . penicil/ata 
8 . penicil/ata 
8. penicil/ata 
8 . penicill•ta 13. 6 7 
8. penicill•ta 4 .29 
8 . penicill•t• 
8 . g•rm•rdi 
5 .6 3 .91 
3 .31 3.2 6 .31 3. 73 
2 .79 2.96 6 .87 4 .01 
2 .98 2 .78 6.84 3 .7 
2.86 2.96 6 .14 3.93 
2 .26 3.16 6 .26 3 .17 
2.77 2.44 6.04 4.08 
3.26 3.1 6 3.83 
2 .36 3 .14 6 .14 3.8 
3 .05 3 .01 5 .53 4 .1 
3 .99 
3 .77 
4 .08 
3 .96 
4 
3 .48 
4. 15 
3 .98 
3 .66 
4 .05 
8 .5 3.31 
9 .39 3 .01 
9 .22 3 .17 
8 .66 3 .06 
8.79 2 .69 
9 .37 3 .29 
9 .22 2.86 
9 .44 3 .17 
7.75. 
8.65. 
8.87. 
8 .75. 
8.26. 
8 .85 . 
8 .78 . 
7 .09. 
6 .07. 
6 .87. 
6 .68 -
6 .69 -
7 .33 -
6.42. 
6 .7 -
7 .93 -
3 .52 
3.86 
3.75 
3 .6 
3 .67 
3.2 
3 .54 
3 .61 
5 .95 4 .13 
14.12 6 .64 4 .41 
6 .38 4 .34 
11 .83 6 .83 4 .26 
6.95 4 .31 
10.16 4.21 4 .65 
12.63 5 .51 3 .89 
12 .34 4 .86 4 .71 
12.24 4 .83 4 .08 
11.64 3 .25 3.9 
13.25 6.18 4 .52 
6 .38 4.52 
12. 73 5 .63 4. 17 
13.54 5.13 4 .42 
12.28 4 .97 4 .61 
11.6 4.6 4 .2 
8 .41 
9.07 
8 .79 
7 .88 
8 .25 
8.16 
8 .43 
7 .38 
8.23 
7 .94 
8 .39 
7 .13 
8 .02 
7 .34 
7.53 
7.66 
7. 18 
6.95 
9 .15 
4.31 
4 .34 
4 .18 
4 .62 
4.16 
4 .43 
4.37 
4.37 
4 .03 
3 .99 
4.38 
4.49 
4.07 
4 .26 
4 .49 
3.98 
6 .43 4 .45 
6 .86 4 .78 
6 .6 4 .54 
5 
6 .16 4.77 
5 .99 5 .1 
5 .87 4 .57 
5 .76 4 .72 
6 .89 4.94 
6 .22 4 .35 
6.61 5 .03 
5 .91 5 .07 
5 .9 4 .91 
6 .6 4.94 
4 .32 4 .22 
4 .7 4.61 
4 .43 4 .23 
4 .21 3.88 
4 .4 4 .21 
4.2 3.99 
4 .12 4 .25 
3 .81 3 .83 
4 .19 4 .2 
4 .03 4 .03 
4 .43 4 .47 
3 .63 3.97 
4 .24 4 .29 
3 .68 3 .86 
4 .03 4.15 
3 .95 3 .77 
4 .02 3.72 
3 .72 3.65 
3.64 3 .78 
4.67 4 .9 
4 .64 
4.67 
4 .82 
4 .34 
4 .77 
4 .34 
4.67 
4 .42 
4 . 17 
4 .6 
4.86 
4 .3 
7 .45 4 .82 
5.65 5.06 
6 .38 4 .41 
6 .26 4.91 
6.6 4.72 
6 .21 5.08 
6 .92 5 .29 
6 .6 4.9 
6 .1 4 .7 
4.29 
4 .42 5 .51 4 .35 
4 .55 
4 .8 6 .07 4 .25 
4 . 1 5. 79 4 .46 
4.45 6.144.55 
4 .75 6.2 4 .43 
4.51 5.89 4 .38 
4 .06 
3 .44 
3.59 
3 .16 
3 .58 
3 .54 
3 .65 
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CM16437 Epping Forest, T • 8. garmardi 4.92 9 .39 4 .7 4 .41 
CM10790 Kempton,Taa 8. garmardi 8 .8 9 .47 4 .78 4 .95 
M403 T•mania 8 . garmardi 6.35 9 .67 4 .93 4 .56 
CM16703 Wombeyan 8. garmardi 7 .97 - 8 .27 4 .03 4 .24 
CM16704 Wombeyan 8. garmardi 
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Appendix B.8: Primary data - measurements (mm) of upper teeth of Sthenurus atlas and Sthenurus andersoni. 
Cet. No. Locetlon SpeciH jUpper 
M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW 
AMF92 Wellington Caves S . atlas 11 .4 11.1 10.9 12.9 11 .7 11 .5 13.2 12.2 11.3 12.6 11.7 
AMF29556 Wellington Caves S . atlas 11 .8 11.2 11.4 13.5 12.2 11 .2 14.8 12.5 11.4 
AMF30388 Wellington Caves S . atlas 13.6 12.1 11.6 14.7 12.5 11 . 7 
AMF30554 Wellington Caves S. atlas 12.3 11.5 11.4 14.2 12.5 11. 7 
AMF96 Wellington Caves S. atlas 13.2 11.8 11 . 7 13.4 12.2 11 .5 
AMF29561 Wellington Caves S . atlas 13.4 12.2 11 .2 14.7 12.6 11 .5 13.1 11.2 
AMF30541 Wellington Caves S. atlas 11.8 10.5 11.0 11 . 7 13.6 12.2 11.6 
AMF21 (a) Wellington Caves S. andsrsoni 10.6 10.9 11.0 12.0 11.5 11.2 13.4 12.0 10.9 13.0 11. 7 
AMF29557 Wellington Caves S. andsrsoni 11.0 10.2 10.4 12.0 11 .3 11.0 13.0 11 .3 10.8 12.5 11.0 
AMF37 Wellington Caves S. andsrsoni 10.7 11.0 10.8 12.1 1 1.5 11 .1 13.1 12.3 11 .2 12.0 11 . 7 
M4PW 
9.6 
9.6 
9.6 
9.7 
9.5 
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Appendix B.9: Primary data - measurements (mm) of lower teeth of Procoptodon rapha. 
Cat. number Locality Specie• !Lower 
P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW 
AM F19652 Wellington Caves P. scotti (Holot.) - - 15.4 11.7 12., 18.3 14.0 13.8 19.2 14.5 14.0 
AM F31036 Wellington Caves P. rapha 20.9 15.0 15.0 
AM F30626a Wellington Caves P. rapha - 23.0 16.0 15.8 
AM F73718 Wellington Caves P. rapha 15.6 12.0 12.2 18.8 14.3 13.6 
BM 32885 (cast ? King Creek., DD P. rapha (Lectot.) 15.2 7.0 10.6 
AM F10152 Condamine Region P. rapha (Synt.) - 18.2 14.5 14.7 19.0 14.8 15.3 20.3 15.4 15.4 
QM F782 Freestone Creek.,DD P. rapha 13.7 7.8 11.0 14.7 12.0 12.6 17.1 13.8 13.3 19.3 14.6 13.8 20.4 14.0 13.3 
QM F794 Darling Downs P. rapha 
QM F796 Darling Downs P. rapha 13.0 7.2 9.7 14.5 12.6 12.6 17.8 14.6 14.6 21.2 15.5 15.6 20.7 15.2 15.3 
~I QM F798 DD, Pilton P. rapha 17.0 14.5 14.8 21.7 15.1 15.2 21.6 13.9 14.0 QM F803 Darling Downs P. rapha 13.5 6.9 9.2 16.2 12.3 13.4 18.5 14.1 14.5 21.1 14.8 14.9 21.4 - 14.7 
QM F804 (cast) unknown, Qld P. rapha 13.2 6.3 9.4 12.3 13.4 18.7 14.7 14.9 19.7 15.7 15.8 22.3 15.7 15.6 
QM F809 Darling Downs P. rapha 15.1 6.9 11.6 17.4 13.7 13.9 19.9 15.6 15.2 
QM F2430 King Ck.. nr Nobby P. rapha 17.3 14.2 13.8 21.0 14.8 14.7 
QM F2626 nr Warwick., Qld P. rapha 23.2 22.7 - 15.2 
QM F2636 Maidenwell, Qld P. rapha 15.0 7.9 10.8 15.0 11.5 12.3 16.9 13.5 13.6 20.2 14.3 14.0 
OM F4463 Darling Downs P. rapha 19.0 14.6 14.2 ~ QM F4460 King Ck.., nr Clifton P. rapha 14.3 7.2 9.6 15.9 12.4 12.7 19.1 14.3 14.0 20.5 14.0 14.2 
"' QM F4462 King Ck.., nr Clifton P. rapha 18.8 15.7 14.8 20.4 16.6 15.5 ::s~ 
QM F9156 DD, Oakey Creek., P. rapha 15.4 7.9 10.6 15.8 12.9 13.6 18.5 15.2 15.2 21.7 16.4 15.9 22.8 16.0 15.0 ~-
Vic. Mus.-unreg. Bingara, NSW P. rapha 14.0 7.3 10.0 16.5 13.2 13.4 18.7 15.2 15.0 22.2 16.3 15.9 i:x, 
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Appendix B.1 O: Primary data - measurements (mm) of lower teeth of Protemnodon anak. ,~ -
.., 
-<'.'. 
Cat. number Locality Species !Lower I~ 11Deoth P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW ~ 
AM F1890 Wellington Caves P.anak - 15.6 4.9 6.4 9.7 7.6 7.8 13.3 8.9 8.8 - - 10.3 15.8 10.7 9.8 I~ AM F2343 Weetallbah P.anak 15.0 15.0 5.5 5.4 9.7 7.5 7.7 11.6 - 8.7 15.0 - 10.1 15.5 10.5 9.7 
AM F7238 Scone P.anak 
-
17.5 5.5 6.3 10.3 7.8 8.1 13.0 9.6 10.0 16.0 11 .0 11.1 17.0 11.3 11.0 
AM F39813 Dunedoo P. anak 14.3 16.1 4.9 5.7 10.2 7.9 8.2 12.2 - - 16.2 11.1 10.4 17.3 11.4 9.8 
QM F3017 DD, Pllton P. anak 16.0 17.0 5.5 5.2 10.6 8.1 8.6 14.0 9.9 9.7 15.6 11.2 11.0 17.3 11.3 9.9 
QM F3015 DD, Pilton P. anak 14.2 15.6 5.7 5.5 9.0 7.8 - 11.2 - 8.6 14.8 10.6 10.1 16.2 10.6 9.6 
QM F4821 DD, King Creek P. anak - - - - - - - - - - - - - 15.7 11.1 10.0 
QM F3020 DD, Gowrie P.anak - 14.3 6.0 5.6 8.9 7.6 7.9 10.8 9.0 8.6 15.3 10.0 10.0 15.6 10.2 9.6 
151 QM F3003 Darling Downs P.anak 15.3 16.3 5.5 5.7 11.3 7.9 8.2 13.3 9.4 9.0 14.2 10.6 10.2 15.4 11.1 9.8 QM F3013 Darling Downs P. anak - - - - - - - - - - 14.6 11 .0 - 16.5 11.5 10.3 
QM F3639 DD, Pllton P. anak 16.2 - - - - - - 12.8 8.6 8.6 14.1 10.7 9.8 16.5 11 .1 9.9 
QM F3021 Darling Downs P. anak - 15.2 6.2 5.8 9.5 8.2 8.8 12.2 9.4 9.7 15.4 10.5 10.2 16.4 11.1 10.2 
NMVP32263 Darling Downs P. anak - - - - 9.9 7.3 7.6 11.8 8.8 8.4 14.3 10.1 9.7 15.4 10.4 9.4 
197 4 collection Lancefield P.anak 16.8 17.4 6.3 5.7 - - - 14.4 9.6 9.7 16.6 10.8 10.5 
NMV P31441 Lance field P. anak - 16.1 5.8 5.7 10.6 8.2 8.1 12.5 9.6 9.2 - - 10.2 16.5 11.1 9.3 
NMV P1 m84 Lancefield P.anak 14.6 - - - - - - 12.6 - 8.9 14.7 10.4 9.8 
NMV P39118 Lance field P. anak 15.6 15.5 5.6 5.4 9.5 7.4 7.8 12.0 8.7 8.6 14.3 10.0 9.7 14.7 10.3 9.2 
NMVP2288 DD, King Creek P. anak -
NMV P1876-81 Qld P. anak - 17.2 6.1 7.1 9.7 8.9 8.8 11 .7 10.4 10.0 15.5 11.7 11 .1 
NMV P1876-81 Qld P. anak - 16.2 5.9 5.8 9.8 8.6 9.1 12.8 - 10.4 14.9 11 .6 10.9 17.6 11.5 11.0 
NMV P1876-81 Qld P.anak - - - - - - - 12.5 10.9 9.4 15.1 10.9 10.0 
NMV P1876-81 Qld P. anak 15.9 
NMVP32250 Qld P. anak - - - - - - - - - 8.4 14.9 9.8 9.2 15.9 10.2 9.3 
Appendix B.11: Primary data - measurements (mm) of lower teeth of Protemnodon roechus/brehus. 
Cet. number Locellty Specie• Lower 
110epth P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW 
AM MF1233 Bingara P. brehus/roechus 17.9 11.6 12.2 18.5 12.1 11.6 
AM MF1157 Bingara P. brehus/roechus 14.7 16.3 12.1 18.6 12.8 11.6 
AM MF1250 Bingara P.brehus/roechus 18.1 5.3 6.2 10.3 17.0 11.6 11.3 17.5 11.9 11.3 
~ AM MF1182 Bingara P.brehus/roechus 19.5 12.5 12.1 20.3 12.8 11 .6 
AM F30557 Wellington Caves P.brehus/roechus 17.0 12.0 12.3 18.5 13.4 13.1 
AM F30524 Wellington Caves P.brehus/roechus 14.7 10.4 10.6 18.5 12.0 11.6 19.5 12.2 11 .1 
AM F30328 Wellington Caves P.brehus/roechus 15.8 10.7 10.8 17.4 12.0 11.8 
AM MF106 Wellington Caves P. brehus/roechus 17.4 6.5 7.8 10.6 15.4 10.7 17.2 12 .2 12.1 18.2 12.6 12.2 
AM F18875 Wellington Caves P.brehus/roechus 19.8 13.7 9.2 9.2 18.2 10.5 10.8 
AM F13 Bingara P.brehus/roechus 16.9 
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dix B.14: Pri 
. data - I d 
Cat. No. Location Species Lower 
I deoth 
CM1342 TAS, Gladstone M. glganteus 9.5 
CM3222 TAS, Gladstone M. glganteus 9.2 
CM1352 TAS, Gladstone M. gganteus 9.8 
CM1354 TAS, Gladstone M. glganteus 10.2 
CM3232 TAS, Charleton Est. M. glganteus 10.5 
CM3230 TAS, Ross M. glganteus 10.0 
CM1353 TAS, Gladstone M. gganteus 10.6 
CM3231 TAS, Musselroe Bay M. glganteus 9.5 
CM32'48 TAS, Musselroe Bay M. gganteus 9.8 
CM11048 TAS, yard bred M. (Jg#lnteus 9.2 
CM11063 TAS, Gladstone M. (Jg#lnteus 8.8 
CM32"9 TAS, Charleton Est. M. (Jg#lnteus 9.8 
CM1350 TAS, Gladstone M. glganteus 9.5 
CM3247 TAS, Gladstone M. gganteus 10.8 
CM3229 TAS, Gladstone M. glganteus 9.6 
CM11409 TAS, Gladstone M. glganteus 9.0 
°' 
CM3107 TAS, Gladstone M. glganteus 10.8 
-
"" 
CM1J.40 TAS Gladstone M. alaanteus 9.0 
Cat. NO. Location s ...... •es Univr 
CM1342 TAS, Gladstone M. gganteus 
CM3222 TAS, Gladstone M. gganteus 
CM1352 TAS, Gladstone M. gganteus 
CM1354 TAS, Gladstone M. gganteus 
CM3232 TAS, Charleton Est. M. gganteus 
CM3230 TAS, Ross M. glganteus 
CM1353 TAS, Gladstone M. gganteus 
CM3231 TAS, Musselroe Bay M. gganteus 
CM3248 TAS, Musselroe Bay M. {jganteus 
CM11048 TAS, yard bred M. figanteus 
CM11063 TAS, Gladstone M. glganteus 
CM3248 TAS, Charleton Est. M. glganteus 
CM1350 TAS, Gladstone M. {jganteus 
CM3247 TAS, Gladstone M. glganteus 
CM3229 TAS, Gladstone M. glganteus 
CM11409 TAS, Gladstone M. glganteus 
CM3107 TAS, Gladstone M. glganteus 
CM1340 TAS Gladstone M. alaanteus 
teeth ) of M, 
.. . . ~1;rupus g1gr1nleus rrom 1 asmama. 
P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW Mo&PV 
6.8 2.8 4.1 9.7 5.8 6.8 
- - -
11 .3 7.1 7.7 12.7 8.4 8.1 - - - - - -
6.2 2.8 4.0 8.9 5.2 6.0 - - - 10.3 6.2 6.6 12.1 7.3 7.3 - - - - - -
- - - - - - - - - 11.3 6.5 7.7 12.4 8.0 8.0 13.4 9.1 8.8 - - 8.6 
- - - - - -
7.1 2.5 3.2 11.9 6.6 7.0 13.4 7.7 7.6 14.4 8.5 8.2 
- - -
- - - - - - 6.4 2.8 4.6 9.5 5.9 7.1 11 .9 7.5 7.8 13.6 8.2 8.0 - - -
- - - - - -
7.5 2.8 3.8 11.7 7.4 7.9 12.8 8.3 8.2 14.9 8.9 8.6 
- - -
- - -
9.4 5.5 6.3 6.3 6.3 3.2 11.8 7.1 7.4 13.1 8.0 8.0 14.1 8.8 7.9 - - -
6.4 2.8 3.8 8.8 4.9 6.0 - - - 10.5 6.3 6.7 
-
7.2 - - - - - - -
7.1 2.7 4.1 9.7 5.4 6.5 - - - - 7.0 - - - - - - - - - -
6.7 3.1 4.1 8.8 5.3 6.0 - - - 10.8 6.8 7.1 11 .3 7.8 7.6 - - - - - -
6.6 3.0 4.2 9.2 5.2 6.4 
- - -
10.7 6.8 7.2 12.2 8.0 7.7 13.4 8.7 7.4 - - -
- - -
9.1 5.7 6.4 - - - 10.7 7.0 7.2 12.0 7.8 7.6 - - - - - -
- - - - - - - - -
11 .0 6.7 7.2 13.0 7.7 7.8 13.9 8.8 8.2 14.0 9.0 8.6 
- - -
10.2 6.3 7.1 - - - 11.6 7.6 8.1 13.3 9.0 8.9 14.4 10.0 9.0 - - -
- - - - - - - - -
10.9 6.9 7.4 12.7 8.3 7.7 13.5 8.9 8.3 15.0 8.7 7.8 
- - -
9.0 5.0 6.3 - - - 10.4 6.8 6.9 12.0 7.7 7.5 12.8 8.3 - - - -
- - - - - - - - -
11.6 7.1 8.0 12.3 8.6 8.6 14.2 9.4 9.1 15.0 9.8 8.5 
- - - - - - - - - - - -
11 .9 7.6 7.8 13.3 8.8 8.9 14.0 8.6 8.5 
P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3nv M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW MAL LlliW M4P11 
7.6 3.7 5.2 9.6 7.9 8.0 
- - -
11.3 9.1 9.0 13.2 10.4 10.1 - - - - - -
6.5 3.2 4.9 8.7 6.2 6.9 - - - 9.9 7.5 7.9 11.7 8.3 8.4 - - - - - -
- - - - - - - - -
10.4 8.2 8.6 12.1 9.2 9.5 13.7 10.1 10.2 
-
10.4 -
- - - - - -
7.7 3.0 4.4 10.7 7.9 8.3 11.8 9.1 8.9 13.8 9.9 9.7 - - -
- - - - - -
7.8 5.1 5.7 10.2 7.4 7.9 11 .9 8.7 8.8 13.1 9.3 9.1 - - -
- - - -
- - 8.2 3.0 4.6 10.7 8.4 8.7 12.0 9.3 9.2 13.5 10.2 9.4 - - -
- - - 8.6 7.0 7.3 - - - 10.4 8.2 8.4 12.9 9.5 9.2 14.4 10.3 9.9 - - -
7.2 3.6 5.0 9.3 6.8 7.2 - - - 10.6 8.0 8.2 - - - - - - - - -
7.6 3.8 5.5 9.9 7.2 7.8 - - - - - - - - - - - - - - -
7.1 4.2 5.1 8.5 6.6 7.1 - - - 10.3 7.9 7.8 12.1 9.0 8.9 - - - - - -
- - -
8.9 6.9 7.2 - - - 10.5 8.4 8.0 12.2 9.0 9.0 13.2 9.8 9.2 - - -
7.3 4.3 5.3 8.7 7.4 7.4 - - - 10.3 8.0 8.2 11.8 8.8 8.9 - - - - - -
- - -
- - - - - - -
- -
12.8 9.3 9.3 13.7 10.3 10.1 15.0 11 .0 10.0 
- - -
10.0 8.5 8.1 
- - -
11.8 9.6 9.3 13.4 10.2 10.1 14.9 10.4 10.2 - - -
- - - - -
- 7.3 3.3 4.8 10.7 8.9 8.7 12.5 9.3 8.9 13.3 9.6 9.4 14.0 9.1 8.9 
- - -
8.7 6.9 - 7.4 2.8 3.8 10.4 8.0 7.9 12.2 8.9 9.0 12.2 9.3 8.9 - - -
- - - - -
- 8.9 3.7 5.4 10.8 9.5 9.3 12.6 10.0 9.8 13.7 10.4 10.0 14.0 10.5 9.6 
- - - -
- - - - - - - -
11 .8 9.4 9.1 12.8 10.1 9.9 13.0 9.5 
-
;a.. 
1:1.. 
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Appendix B.16: Primary data - measurements (mm) of lower incisors of M. titan. 
CM.NO. Location Species Lower Cat. No. Location 
I depth 
UMl"4125 nr Dalby, Darling Downs M. titan 14.2 NMVunreg. Lancefleld (L14) 1974coll. 
QMF3609 Gowrie, Darling Downs M. titan 13.2 NMVunreg. Lancefleld (L14) 1974coll. 
QMF4173 Darling Downs M. titan 12.3 NMVunreg. Lancefield (L14) 197 4 coll. 
QMF4213 Gowrie, Darling Downs M. titan 12.2 NMVunreg. Lancefield (L14) 1974 coll. 
QMF4038 Darling Downs M. titan 13.8 NMVunreg. Lancefield (L14) 1974 coll. 
QMF4143 Darling Downs M. titan 12.9 NMVunreg. Lancefield (L14) 1974coll. 
QMF4151 Darling Downs M. titan 12.0 
QMF9488 Clifton, Darling Downs M. titan 12.0 NMV477 Lancefield South 1983 coll. 
QMF3722 Gowrie, Darling Downs M. titan 13.3 NMV477 Lancefield South 1983 coll. 
QMFS45 Darling Downs M. titan 12.3 NMV477 Lancefield South 1983 coll. 
tXl 
-
QMF3740 Darling Downs M. titan 13.1 NMV477 Lancefield South 1983 coll . 
NMV477 Lancefield South 1983 coll. 
VI 
NMVP31754 Lancefield (L 14) 1974 coll. M. titan 14.3 NMV477 Lancefield South 1983 coll . 
NMVunreg. Lancefield (L 14) 1974 coll. M. titan 13.8 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefield (L14) 1974coll. M. titan 14.4 NMV477 Lancefield South 1983 coll . 
NMV 1,1nreg. Lancefield (L14) 1974coll. M. titan 14.1 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefield (L14) 197 4 coll. M. titan 13.3 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L 14) 1974 coll. M. titan 14.3 NMV477 Lancefield South 1983 coll . 
NMVunreg. Lancefleld (L 14) 1974 coll. M. titan 12.6 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L14) 1974 coll. M. titan 13.6 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L 14) 1974 coll . M. titan 13.7 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefield (L 14) 1974 coll. M. titan 14.4 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefield (L14) 1974coll. M. titan 14.6 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefteld (L14) 1974coll. M. titan 12.9 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L 14) 197 4 coll. M. titan 14.2 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefield (L 14) 197 4 coll. M. titan 15.2 NMV477 Lancefield South 1983 coll . 
NMVunreg. Lancefield (L14) 1974coU. M. titan 13.7 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L 14) 197 4 coll. M. titan 13.1 NMV477 Lancefield South 1983 coll. 
NMVunreg. Lancefleld (L 14) 197 4 coll. M. titan 13.6 NMV477 Lancefleld South 1983 coll. 
Species Lower Cat. No. Location 
I depth 
M. titan 13.1 NMV477 Lancefleld South 1983 coll . 
M. titan 13.3 NMV477 Lancefleld South 1983 coll. 
M. titan 14.0 NMV477 Lancefield South 1983 coll. 
M. titan 13.6 NMV 477 Lancefield South 1983 coll. 
M. titan 15.2 NMV 477 Lancefield South 1983 coll . 
M. titan 15.1 NMV 477 Lancefield South 1983 coll . 
NMV 477 Lancefield South 1983 coll. 
M.titan 14.1 NMV 477 Lancefield South 1983 coll. 
M. titan 15.5 NMV477 Lancefield South 1983 coll. 
M. titan 14.2 NMV477 Lancefield South 1983 coll. 
M. titan 14.2 NMV 477 Lancefield South 1983 coll. 
M. titan 13.5 NMV 477 Lancefield South 1983 coll. 
M. titan 13.5 NMV 477 Lancefield South 1983 coll. 
M. titan 13.8 NMV 477 Lancefield South 1983 coll. 
M. titan 13.7 NMV 477 Lancefield South 1983 coll. 
M. titan 14.1 NMV477 Lancefield South 1983 coll. 
M. titan 14.0 NMV 477 Lancefield South 1983 coll. 
M. titan 14.6 NMV 477 Lancefield South 1983 coll . 
M. titan 13.1 NMV 477 Lancefield South 1983 coll . 
M. titan 13.0 NMV 477 Lancefield South 1983 coll. 
M. titan 13.3 NMV 477 Lancefield South 1983 coll . 
M. titan 13.8 NMV 477 Lancefield South 1983 coll . 
M. titan 14.6 NMV 477 Lancefield South 1983 coll . 
M. titan 13.5 NMV 477 Lancefield South 1983 coll. 
M. titan 13.3 NMV 477 Lancefield South 1983 coll. 
M. titan 14.1 NMV 477 Lancefield South 1983 coll. 
M. titan 13.7 NMV 477 Lancefield South 1983 coll. 
M. titan 14.1 NMV 477 Lancefield South 1983 coll. 
M. titan 13.7 
AMF30517 Wellington Caves 
Species Lower 
I deDth 
M. titan 12.9 
M. titan 12.4 
M. titan 13.6 
M. titan 14.1 
M. titan 13.1 
M. titan 13.5 
M. titan 14.1 
M. titan 14.1 
M. titan 14.4 
M. titan 13.0 
M. titan 14.7 
M. titan 13.4 
M. titan 14.6 
M. titan 14.8 
M. titan 13.1 
M. titan 12.8 
M. titan 13.1 
M. titan 13.0 
M. titan 14.3 
M. titan 13.3 
M. titan 13.8 
M. titan 12.1 
M. titan 13.0 
M. titan 12.0 
M. titan 13,6 
M. titan 15.0 
M. titan 13.7 
M. titan 12.9 
M. titan 13.4 
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Appendix B.16: Primary data - measurements (mm) of lower teeth of M. titan from Lancefield Swamp. ;:t.. 
"' ::s Cal No. Year o Location Cl.. Species Lower $< . 
NMVP48001 
NMVP48075 
coll. 
NMV unreg. 1983 
NMVunreg. 1983 
NMV unreg. 1983 
NMVunreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMV unreg. 1983 
NMVP31754 1974 
NMVP31750 1974 
NMVP31746 1974 
NMV unreg. 197 4 
NMVP31707 1974 
NMVP31705 1974 
NMVP31704 197 4 
NMVP3Hl81 1974 
NMVP31876 197<4 
I depth P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW t':l'J 
Lancefield M. titan 
Lancefield M. titan ·-
Lancefield M. titan ·-
Lancefield M. titan ·-
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan 13.1 
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan 14.3 
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefield M. titan -
Lancefleld M. titan -
Lancefleld M. titan -
10.6 5.9 
11 .0 5.9 
10.6 6.2 
10.3 6.0 
10.2 5.9 
11 .1 6.6 
10.4 6.2 
7.1 
7.2 
7.1 
7.4 
7.4 
7.2 
7.0 
7.5 
7.2 
8.0 -
7.8 3.6 
7.8 3.1 
7.8 3.0 
7.2 3.5 
7.9 3.2 
5.2 
4.5 
4.3 
3.9 
3.8 
4.4 
12.6 7.7 
13.2 7.9 
13.7 -
12.8 7.6 
14.0 8.3 
13.8 8.5 
13.3 7.8 
13.4 8.0 
13.7 8.5 
12.4 8.0 
13.9 8.6 
12.7 -
14.4 8.8 
13.4 8.2 
8.2 
7.9 
8.4 
8.7 
8.3 
7.9 
8.0 
8.6 
8.8 
8.3 
8.3 
9.1 
8.4 
8.8 
8.5 
8.7 
9.0 
8.8 
13.5 9.2 9.5 16.6 10.2 10.3 17.7 10.3 9.2 ~ 
14.4 8.7 
15.3 9.0 
14.0 9.0 
13.5 8.8 
14.1 8.7 
15.3 9.3 
16.9 9.6 
15.4 9.5 
15.3 9.5 
15.4 8.8 
16.0 10.0 
15.4 9.4 
15.5 9.6 
16.1 10.0 
15.0 9.5 
16.5 10.2 
15.6 9.8 
15.7 10.0 
15.5 10.1 
15.8 10.1 
14.8 9.7 
16.8 9.7 
15.3 10.4 10.1 17.9 10.5 10.0 :'.! . 
8.8 16.2 9.4 8.9 - - - ~ 
9.3 
9.0 
9.1 
9.8 
9.5 
8.9 
9.7 
9.5 
10.0 
9.6 
9.0 
9.1 
10.0 
9.3 
10.2 
9.5 
10.3 
9.4 
10.3 
16.1 10.2 
15.8 9.8 
15.0 10.2 
15.4 9.6 
15.8 9.9 
16.1 10.5 
16.0 10.1 
16.7 10.0 
15.9 10.7 
17.2 10.3 
10.1 
18.1 10.7 
17.8 11 .0 
17.6 10.6 
17.2 11.1 
10.2 19.4 10.8 
9.9 17.4 10.6 
9.5 17.5 11 .2 
9.5 
17.4 10.6 
10.0 
9.9 
9.6 
9.9 
9.3 
9.3 
9.6 
9.5 
9.6 
10.4 
10.0 
10.1 
10.3 
10.5 
10.8 
10.0 
10.2 
10.8 
10.3 
17.0 10.0 
15.0 
18.1 
17.3 
17.1 
17.3 
9.9 
10.0 
10.4 
9.7 
10.6 
16.8 10.6 
17.5 10.2 
15.8 10.4 
16.2 -
17.2 10.2 
19.4 11.7 
18.1 10.8 
9.9 
9.6 
9.3 
9.8 
9.2 
9.7 
10.0 
9.7 
9.8 
9.5 
11.0 
11 .1 
... 
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Appendix B.16: Primary data - measurements (mm) of lower teeth of M. titan from Lancefield Swamp. 
NMVP31692 1974 Lancefield M. titan 
- - - - - - - -
3.8 4.3 12.1 7.7 8.1 14.1 9.4 9.4 16.0 10.7 10.1 17.9 10.5 9.7 
NMVP31800 1974 Lancefield M. tJten - - - - - - - - - - - - - 15.9 - 10.7 17.6 10.7 10.9 18.9 11.0 10.3 
NMVP31638 1974 Lancefleld M. tlten - - - - - - - - - - - - - 15.3 9.5 9.5 17.7 10.8 10.5 18.8 10.8 10.1 
NVP31660 1974 Lancefleld M. tlten - - - - - - - - - - - - - - - - 17.1 10.0 - 18.6 11 .0 10.0 I NMVP31476 1974 Lancefield M. titan - - - - - - - - - - - - - - - 8.7 15.7 9.9 9.4 18.2 9.6 9.5 ~ NMVP31474 1974 Lancefield M. tlt•n - - - - - - - - - - - - - 15.1 9.5 9.6 16.9 10.6 10.0 17.3 10.4 ·9.3 
-.i NMVP31473 1974 Lancefleld M. titan - - - - - - - - - - - - - 12.4 - 8.4 14.6 9.4 8.9 17.2 9.4 8.8 
NMV unreg. 1974 Lancefield M. titan 
- - - - - - - - - - - - - - - 15.6 9.6 9.2 17.3 9.7 9.2 
NMVP31430 1974 Lancefield M. titan - - - - - - - - - - - - - - - 9.7 17.4 10.2 9.3 
NMVP31444 1974 Lancefield M. titan 
- - - - - - -
8.2 3.2 4.5 - - - 15.6 10.4 10.1 18.5 11.4 11.0 
NMVP31443 1974 Lancefield M. titan - - - 10.3 5.8 6.7 - - 12.9 7.7 7.9 
NMVP31453 1974 Lancefield M. titan 
- - - - - - - - - - - -
15.5 10.0 9.9 16.7 10.7 9.6 17.9 11.4 10.1 
NMV unreg. 1974 Lancefield M. tit•n - - - - - - - - - - 14.5 9.1 9.2 16.2 10.2 9.8 16.7 10.2 9.7 
NMVP31781 1974 Lancefield M. tit•n 
- - - - - - -
8.3 3.4 4.5 - - 15.4 10.1 9.9 18.4 10.5 10.5 
NMVP31780 1974 Lancefteld M. tit•n - - - - - - - - - - 12.9 7.9 8.3 15.4 9.8 9.2 - - - - - I~ NMVP31755 1974 Lancefield M. titan - - - - - - 7.6 3.2 4.5 11 .1 8.0 8.2 14.2 9.5 9.6 16.7 11.0 10.7 17.9 - -NMVP31496 1974 Lancefield M. titan - - - - - - - - - - 16. 1 10.3 10.8 18.0 11 .0 11.1 18.7 11.4 10.9 
.. 
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Appendix B.17: Primary data - measurements (mm) of upper teeth of M. titan from Lancefield Swamp. ~ ~ 
I Cat No. Year Location Species Upper ~ 
Coll. P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW 1MPW b:J 
NMVP48064 
NMVP48028 
NMVP48429 
NMVP48430 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVunreg. 
NMVP31757 
NMVP31n3 
NMVP31no 
NMVP31n1 
NMVP31n2 
NMVP31n5 
NMVP31756 
NMVP31759 
NMVP31764 
NMVP31767 
NMVP31762 
NMVP31769 
NMVP31766 
NMVP31760 
NMVP31768 
NMVP31765 
NMVP31761 
NMVunreg. 
NMVP31486 
NMVP31483 
Lancefield 
Lancefield 
Lancefield 
Lancefield 
M. titan - - - - - - - - - - - - 14.8 11 .0 11 .4 16.7 11.5 11 .6 18.8 12.5 12.2 ~ 
M. titan - - - - - - - - - - - - - - - 15.1 12.5 12.4 16.8 13.0 12.3 :::!. 
M. titan - - - - - - 9.7 5.5 7.4 11.7 8.8 9.6 13.7 10.2 10.8 - - - - - ~ 
M. titan - - - - - - - - - - - - - - 11 .0 15.4 12.4 12.3 17.0 12.8 12.1 ~ 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1983 Lancefleld South M. titan 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1983 Lancefleld South M. tttan 
1983 Lancefleld South M. titan 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1983 Lancefield South M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
1974 Lancefield M. titan 
197 4 Lancefield 
1974 Lancefield 
197 4 Lancefleld 
197 4 Lancefield 
1974 Lancefield 
1974 Lancefield 
1974 Lancefield 
1974 Lancefield 
197 4 Lancefield 
1974 Lancefield 
1974 Lancefleld 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
M. titan 
8.7 - 7.1 
10.2 8.3 8.6 
10.1 7.9 8.8 
9.8 8.5 8.7 
10.2 8.4 8.4 
8.5 
9.2 3.9 
10.8 4.3 
5.6 
5.3 
6.1 
11.6 9.1 9.5 
12.1 9.4 9.9 
12.2 9.8 9.9 
12.4 -
11.5 9.0 9.6 
12.6 9.8 10.3 
11 .7 10.0 9.8 
12.0 10.2 10.2 
12.2 10.8 11 .9 
13.6 10.2 
14.3 13.0 
13.8 11.4 
14.2 11 .3 
14.3 10.6 
14.1 12.6 
13.9 10.7 
14.1 11 .1 
13.7 10.3 
15.0 -
14.7 11 .4 
13.7 11 .7 
14.3 11.4 
14.0 -
13.7 11 .1 
15.1 11.9 
14.9 11 .5 
14.0 11.7 
14.5 12.1 
15.3 12.1 
15.3 12.3 
14.2 11 .8 
14.6 12.2 
15.7 12.7 
10.7 
13.0 
10.8 
11.2 
11.4 
11 .7 
10.9 
11.2 
10.8 
11.4 
11.9 
11 .6 
12.1 
11 .2 
12.5 
12.1 
12.1 
12.3 
12.5 
12.0 
11 .6 
12.1 
12.2 
15.7 13.0 
15.2 11.6 
15.3 12.0 
15.3 12.9 
15.3 11 .4 
16.3 12.5 
15.7 12.9 
15.7 12.6 
15.7 12.9 
15.2 13.5 
16.3 12.0 
15.6 12.2 
14.9 11 .9 
15.5 11 .8 
16.9 12.9 
16.9 12.5 
17.0 12.7 
15.3 12.5 
17.1 13.0 
12.4 -
15.1 12.2 
14.7 11 .8 
15.1 11 .9 
16.1 13.1 
17.3 13.1 
12.6 
11.6 
11.9 
12.9 
12.0 
11.9 
12.1 
12.4 
12.4 
12.3 
12.0 
12.1 
11.5 
11.7 
12.8 
12.4 
12.7 
12.2 
13.2 
11.9 
11.7 
12.4 
12.4 
16.9 13.5 
16.2 11.7 
15.9 12.2 
16.7 12.9 
17.1 12.2 
16.1 13.5 
16.4 12.5 
15.8 11 .9 
16.6 12.3 
17.8 12.5 
17.5 13.4 
17.0 13.0 
15.7 13.0 
16.1 12.8 
15.9 12.2 
16.2 12.3 
17.2 13.0 
18.5 13.5 
"'l'J 
~ 
12.0 ,~ 
11.0 -
11 .5 ti 
11.e 
11.7 
12.6 
11.8 
11.7 
11.4 
12.4 
12.8 
11.9 
12.e 
11.9 
11.4 
13.0 
12.1 
12.5 
~ 
Appendix B.17: Primary data - measurements (mm) of upper teeth of M. titan from Lancefield Swamp. 
NMVP31488 197 4 L.ancefield M. titan - - - - - - - - - - 13.7 12.0 12.2 15.6 12.7 - 17.3 13.6 12.5 
NMVP31482 197 4 Lancefleld M. titan - - - - - - - - - - - - 14.1 11.5 12.0 17.1 12.5 13.0 
NMVP31481 197 4 Lancefleld M. titan - - - - - - - - - 12.0 • - 15.4 12.3 12.4 16.3 13.3 12.1 18.1 13.6 12.6 
NMVP31485 1974 L.ancefleld M. tJt1n - - - - - - - - - - - - - - - 16.6 12.6 12.6 18.0 13.8 13.0 
NMVP31"4&4 1974 Lancefleld M. tJt1n - - - - - - - - - - - - - - - 16.3 14.1 13.7 17.7 14.8 13.4 
NMVP31735 1974 Lancefleld M. tlt1n 
- - - - - - - - - -
- 11.0 14.3 12.0 11.8 15.3 12.3 12.3 16.9 13.0. 12.8 
NMVP31720 197 4 L.ancefleld M. tJt1n 
- - - - - - - - - - - -
13.1 11.1 11.5 15.7 12.6 12.0 16.5 13.0 12.0 
NMVunreg. 197 4 Lancefield M. tJt1n - - - 10.9 8.0 8.6 - - - - 9.6 10.1 
NMVunreg. 1974 Lancefteld M. titan 
- - - - - - - - - - - - - - - 15.6 12.4 12.3 16.7 12.2 11.7 
to I NMVP31728 197 4 Lancefield M. titan - - - - - - - - - - - - 15.2 12.2 11.9 15.4 12.5 12.1 16.7 12.6 11.7 
::0 NMVP31721 1974 Lancefield M. titan 
- - - - - - - - - - - - - - -
16.0 13.2 12.4 18.1 13.7 12.4 
NMVP31725 197 4 Lancefield M. titan 
- - - - - - - - - - - -
13.4 10.3 10.6 14.8 11.4 10.8 15.7 11.5 10.6 
NMVP31731 197 4 Lancefteld M. titan - - - - - - - - - - - - 13.1 - - 15.3 12.3 12.0 16.5 13.0 11.9 
NMVP31724 197 4 Lancefteld M. titan - - - - - - - - - - - - 14.4 11.9 11.8 16.1 12.5 12.0 17.8 13.3 12.9 
NMVP31671 1974 Lancefleld M. titan - - - - - - - - - - - - 14.5 11.5 11.8 16.1 12.6 11.9 17.4 13.5 11 .9 
NMVP31672 197 4 Lancefleld M. titan - - - - - - - - - 12.7 10.4 10.7 15.7 12.7 12.3 17.7 13.8 13.2 18.7 14.5 13.1 
NMVP31489 197 4 Lancefleld M. titan - - - - - - - - 12.3 11.0 10.9 15.0 12.3 11.5 16.6 13.4 13.0 17.3 13.9 12.3 
NMVP31653 197 4 Lancetleld M. titan - - - - - - - - - 12.8 11.0 11.1 15.0 13.0 12.7 
NMVP31645 197 4 L.ancefteld M. titan - - - - - - - - - 12.2 9.7 10.2 15.6 11 .3 11.6 16.0 12.0 12.0 - -
"' NMVP31665 197 4 Lancefield M. titan 9.6 6.0 13.0 11.7 12.0 15.8 13.0 13.0 16.7 - :s - - - - - - t:I.. 
NMVP31668 1974 Lancefield M. titan - - - - - - - - - - - 13.9 12.0 11 .8 15.7 12.8 11 .9 17.8 13.6 12.5 ~-
NMVP31649 197 4 Lancefield M. titan - - - - - - - - - 14.7 - 11.6 17.2 13.3 12.4 17.3 13.6 12.0 bJ 
NMVP31674 197 4 Lancefleld M. titan - - 11.4 8.4 8.6 - - - 13.1 9.7 10.3 - - - - - -
..,, 
NMVP31650 197 4 Lancefield M. titan - - - - - - - - - 16.5 13.1 12.7 18.7 13.9 13.0 l NMVP31652 197 4 Lancefield M. titan - - - - - - - - 13.8 11.2 11 .1 15.4 12.1 11.7 16.7 13.0 12.1 NMVP31471 197 4 Lancefteld M. titan - - - - - - - - - - 14.9 11.0 11.6 16.4 12.2 12.6 - - .,, 
NMVP31470 1974 Lancefteld M. titan - - - - - - - - - - - 14.3 11 .9 11.9 16.6 12.8 12.8 17.3 13.6 12.4 ~ ;:: 
NMVP31463 197 4 Lancefield M. titan - - - - - - - 12.3 10.7 11.2 14.6 12.3 12.4 16.0 13.2 13.0 16.9 14.5 12.9 5 
-t'I 
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Appendix B.18: Primary data - measurements (mm) of lower teeth of Macropus rufogrlseus. ~· 
"'r'] 
Q 
Cat. No. - Location Species )Lower ~ 
I de h P2L P2AW P2PW dP3L dP3AW dP3PW P3L P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW M4L M4AW M4PW .._ 
CM6250 NSW, Kosi. M. rutojjriseus - - - - - - 5.5 2.5 2.9 6.6 4.7 4.9 7.6 5.4 5.3 8.4 6.2 6.1 8.4 6.4 5.6 ti Q 
CM374 NSW, Risk M. rufogrlseus - 5.6 2.6 3.2 6.9 4.4 4.8 5.2 2.0 2.0 7.4 5.3 5.5 8.8 6.3 6.0 9.8 6.5 6.3 - - - Ci 
WAM24663 NSW, Cloud C M. rufogrlseus 7.8 - - - - - .4.9 2.2 2.5 6.8 4.7 5.0 7.2 5.6 5.6 8.9 6.4 6.5 
WAM24661 NSW, Cloud C M. rufogrlseus 7.7 4.6 2.2 2.5 6.2 3.5 4.1 
-
7.0 4.6 4.9 8.0 5.5 5.8 
CM6483 Tasmania M. rufogrlseus - 5.4 - 2.5 6.4 4.0 4.6 - - - 7.2 4.9 5.4 7.8 5.8 6.2 
CM6480 Tasmania M. rufogrlseus - 5.2 - 2.8 6.1 4.0 4.5 - - - 6.6 4.9 5.2 7.7 5.6 5.4 8.3 6.0 5.9 
CM6474 Tasmania M. rufogriseus - - - - - 3.9 - - - - 6.8 4.7 5.1 7.8 5.8 5.9 8.2 6.1 6.2 
~I CM8469 Tasmania M. rufogrlseus - 5.2 - 2.6 5.8 4.0 4.5 - - - 6.9 4.8 5.1 7.9 5.7 5.3 CM6488 Tasmania M. rufogrlseus - 5.4 - 3.3 6.4 4.4 4.2 - - - 7.3 5.4 5.7 8.0 5.9 6.0 
CM6478 Tasmania M. rufogrlseus - 6.0 - 3.1 6.8 4.2 4.8 - - - 7.2 5.5 6.0 8.7 6.4 6.2 
CM6470 Tasmania M. rufogtiseus - 5.7 - 3.2 6.4 4.1 4.6 - - - 7.5 5.2 5.6 8.3 5.7 5.7 
CM6479 Tasmania M. rufogriseus - 4.8 - 2.8 5.9 - - - - 6.5 4.8 5.0 7.4 5.6 5.7 8.0 6.2 6.1 10.2 6.6 5.8 
CM6487 Tasmania M. rufogriseus - 5.8 - 2.9 6.4 4.3 4.3 4.9 - - 7.0 4.8 5.4 8.1 5.6 5.8 8.4 5.9 6.4 9.7 6.6 6.2 
CM6475 Tasmania M. rufogrlseus - - - - - - - 5.7 - - 7.1 5.2 5.3 8.0 6.0 6.2 8.9 6.5 6.4 
WAM26107 Tasmania M. rufogriseus 8.5 5.3 2.5 2.7 6.6 3.9 4.4 - - - 6.6 4.6 5.0 7.9 5.6 5.4 9.0 5.8 6.1 
WAM3854 Tasmania M. rufogriseus 8.2 - - - - - - 5.1 2.2 2.3 7.3 - 4.8 7.6 - 5.2 8.6 5.7 5.7 9.1 5.8 5.1 
WAM16594 Tasmania M. rufogliseus 7.7 4.4 2.5 2.8 5.9 4.1 - - - - 6.9 4.7 5.2 8.0 5.3 5.4 
tXl 
N 
Appendix B.19: Primary data - mec:asurements (mm) of upper third incisors of Macropus agllls. 
Cat. No. Species 113 
basal le!!2,!h occlusal length occlusal width basal height 
CM1020 ACagiis jamni 5.5 6.9 3.1 4.3 
CM1024 M. agiis jarrlni 5.7 7.4 3.2 4.6 
CM156 M. agils jarrlni 6.1 8.0 3.5 5.8 
CM540 M. agiis jarrlni 6.3 7.9 3.5 4.8 
CM2664 M. agiis jarrlni 5.5 8.0 3.0 5.4 
CM2724 M. agiis jarrlni 6.0 8.1 3.7 5.3 
CM1195 M. agils jarrlni 5.7 7.5 3.7 4.3 
CM778 M. agiNs jarrlnii 6.7 9.7 3.9 5.6 
CM3919 M. agllis jardlnii 6.1 8.7 3.4 5.6 
CM1189 M. agiis jarrlnii 5.5 7.9 3.5 6.3 
091011909 M. agils 7.1 8.4 3.6 4.0 
QMF141652 M. agils siva 5.3 7.7 - 5.0 
QMF4518 M. aailis siva 5.3 7.2 - 3.9 ~ 
~ ;::s 
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Appendix B.20: Primary data - measurements (mm) of lower teeth of Macropus agllls. 
at. No. Location Species Lower 
I depth P2L P2AW 
QMF2926 (type Darling Downs M. agi/is siva 
QMF4733 Chinchilla Sands M. agils siva 
QMF4489 Darling Downs M. agils siva 
QMF4501 Darling Downs M. agils siva 
QMF4581 Darling Downs M. agi/is siva 
QMF4480 Darting Downs M. ag/l/s slva 18.6 7.3 2.9 
QMF4532 Darting Downs M. ag/l/s slva 
QMF"536 Darting Downs M. ag/ls s/va 
QMF4492 Darting Downs M. ag/l/s slva 17.9 
QMF4556 Darting Downs M. ag/lls siva 
QMF4569 Darting Downs M. agils siva 
QMF4474 Darting Downs M. agi/is siva 
QMF4490 Darting Downs M. aglls siva 1- 7.3 3.0 
QMF4735 Chinchilla Sands M. agils siva 
AMF136 Wellington Caves M. agi/is cf. siva -
AMF47101 C Wellington Caves M. agilis cf. siva -
AMF47101A Wellington Caves M. agils cf. siva -
AMF54951 Wellington Caves M. agi/is cf. siva -
AMF303 Wellington Caves M. agi/is cf. siva -
NMVP157302 Spring Creek M. agi/is siva 9.7 
NMVP157388 Spring Creek M. agi/is siva 9.1 
NMV157304 Spring Creek M. agilis siva 
QMJM6107 SE Queensland M. agi/isjardnii 8.2 
QMJM6104 SE Queensland M. agilisjardinii 7.1 
QMJM113040 SE Queensland M. agi/is jardnii 8.6 
QMJM6100 SE Queensland M. agillsjardinii 7.2 
QMJM11307 SE Queensland M. agilis jardinii 8.3 
QMJM6103 SE Queensland M. agi/isjardinii 7.5 
QMJM6105 SE Queensland M. agilsjardni 7.4 
QMJM11306 SE Queensland M. agilsjardni 7.4 
QMJM11308 SE Queensland M. agi/is jardnii 7 .5 
QMJM11310 SE Queensland M. agilsjardni 7.7 
QMJM3586 SE Queensland M. agilsjardni 7.7 
QMJM6109 SE Queensland M. agilsjardnii 8.2 
QMJM101n SE Queensland M. 11gilsj11rdnii 7.4 
QMJM11305 SE Queensland M. ag/lsjardnii 7.5 
QMJM6108 SE Queensland M. aails larclnii 7.4 
P2PW P3L 
3.1 
2.9 
7.4 
8.5 
7.2 
8.5 
8.6 
8.5 
8.3 
8.3 
9.4 
8.3 
8.4 
8.2 
8.3 
7.2 
8.4 
7.4 
8.1 
7.9 
8.4 
8.0 
8.4 
P3AW P3PW M1L M1AW M1PW M2L M2AW M2PW M3L M3AW M3PW fML M4AW M4PW 
2.6 2.8 - - - 8.9 5.6 5.4 10.0 6.1 5.8 9.9 6.4 6.0 
2.6 
2.9 
3.1 
2.9 
2.8 
2.9 
3.3 
2.9 
3.0 
3.4 
3.2 
2.9 
3.5 
2.8 
3.0 
2.8 
3.0 
3.1 
2.9 
3.0 
3.3 
3.6 
3.5 
3.6 
3.5 
4.0 
3.8 
3.2 
3.3 
3.6 
2.8 
4.3 
2.7 
2.9 
3.3 
3.9 
3.4 
3.8 
5.7 
7.1 -
8.8 6.2 
9.2 -
9.0 6.3 
6.3 10.0 6.7 
11.2 6.8 
6.3 10.6 7.7 
8.6 5.5 6.2 - 6.3 
8.1 5.6 5.7 
7.2 5.1 5.6 
6.7 -
8.8 5.7 5.9 
6.7 - 6.3 
6.6 5.3 5.8 
7.9 - 6.2 
7.1 -
7.3 5.8 6.2 
6.9 5.4 5.6 
5.9 
8.9 5.5 5.6 
6.7 5.5 5.4 
6.7 5.0 5.1 
6.5 5.4 5.7 
6.6 4.9 5.1 
6.3 5.3 5.8 
6.4 4.6 4.7 
6.1 4.4 4.8 
6.3 5.0 5.1 
7.4 5.3 5.8 
5.7 4.7 5.2 
7.6 5.0 5.3 
7.1 4.3 4.9 
7.6 4.9 5.0 
7.3 4.9 5.5 
7.7 4.8 5.3 
10.2 6.4 6.1 
9.8 6.1 
9.2 6.4 
9.7 6.5 
9.7 6.3 
9.9 -
9.4 -
9.2 6.5 
9.8 6.7 
9.5 6.3 
9.6 6.9 
8.9 6.2 
8.1 6.6 
10.6 6.5 
7.9 5.7 
8.4 6.0 
7.7 5.7 
8.3 6.2 
7.8 5.2 
7.5 5.4 
8.4 5.7 
9.5 6.1 
7.6 5.3 
8.2 5.8 
8.2 5.5 
9.0 5.7 
8.9 5.9 
9.5 5.8 
6.2 
6.6 10.4 6.9 
6.8 11 .6 7.5 
10.6 6.5 
10.0 6.6 
11 .1 7.2 
6.6 11 .2 7.3 
6.5 
6.7 10.8 7.0 
7.2 11.4 7.7 
6.2 10.7 6.7 
10.4 7.0 
6.4 
5.6 9.7 6.5 
6.3 9.8 6.9 
6.3 8.6 6.0 
6.9 10.0 6.9 
5.3 8.7 5.8 
5.9 8.9 6.0 
5.7 9.3 6.2 
6.8 10.0 7.1 
5.7 8.9 6.1 
6.1 9.4 6.3 
5.9 
5.7 
5.7 
6.0 
6.3 
7.7 
6.7 
7.3 
6.3 
6.4 
7.3 
7.6 
7.5 
7.7 
6.7 
7.1 
6.8 
7.1 
6.3 
6.9 
5.8 
6.3 
6.3 
6.9 
6.3 
5.7 
13.1 7.2 
11 .6 7.7 
11 .6 6.7 
13.4 7.8 
12.1 7.5 
10.8 6.6 
12.7 7.6 
13.0 7.6 
12.1 7.5 
12.7 8.1 
12.2 7.1 
11.3 7.1 
10.1 6.8 
11 .3 7.0 
9.6 6.6 
11.2 7.4 
10.1 6.3 
11.1 6.0 
9.8 6.4 
12.0 7.3 
9.9 6.3 
6.7 
7.5 
6.3 
7.2 
6.9 
7.5 
7.3 
7.6 
7.7 
6.8 
6.6 
6.6 
5.8 
6.4 
5.8 
5.-4 
6.6 
6.0 
;i... 
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Appendix B.21: Primary data - measurements (mm) of mandibles of Macropus agills. 
Cat. No. LOC11tlon Spec lea Dlastema 
len th width depth (llnguel) depth (buccel 
QM 2926 (holotype) .. s slv• 27.2 8.2 
QMF4733 M. •gills slv• - 8.0 18.3 18.4 
QMF4489 Darling Downs M. ag/lsslva 27.3 10.7 20.0 19.5 
QMF4501 Darling Downs M. agils siva - - 21.6 
QMF4581 Darling Downs M. agils siva 
- - 16.8 17.8 
QMF4532 Darling Downs M. agils siva - 9.1 19.9 17.7 
QMF4536 Darling Downs M. agills siva - 8.2 17.8 17.6 
QMF4492 Darling Downs M. agils siva 29.0 10.2 19.4 19.9 
AMF136 Wellington Caves M. ag/ls cf. siva 
-
11 .9 24.7 23.8 
AMF47101C Wellington Caves M. agils cf. siva - 10.5 26.3 25.6 
AMF47101A Wellington Caves M. agils cf. siva 39.5 12.1 
AMF54951 Wellington Caves M. agils cf. siva - 11 .7 24.7 23.1 §I AMF303 Wellington Caves M. agils cf. siva 38.9 12.4 23.5 23.6 NMVP157302 Spring Creek M. agils siva 43.1 10.9 24.6 23.5 
NMVP157388 Spring Creek M. agils siva - 21.5 21 .1 
QMJM6107 SE Queensland M. agils jardinii 22.4 8.7 17.5 18.3 
QMJM6104 SE Queensland M. agils jardinii 23.6 9.5 19.4 19.1 
QMJM113040 SE Queensland M. •gills jardin/J 21.6 10.2 20.5 19.4 
QMJM6100 SE Queensland M. ag/ls jardin/J 21.3 9.2 18.8 18.2 
QMJM11307 SE Queensland M. agllis jardini 22.2 10.6 20.0 20.2 
QMJM6103 SE Queensland M. agils jardini 20.7 9.0 19.6 16.7 l:i:.. 
QMJM6105 SE Queensland M. agils jardinii 22.9 10.3 18.7 18.2 
"' QMJM11306 SE Queensland M. agils jardinii 21 .9 9.3 19.3 18.4 ;:s l:l.. 
QMJM11308 SE Queensland M. agils jarrlnii 20.8 10.5 20.2 19.1 ~· 
QMJM11310 SE Queensland M. agils Jardinii 25.0 9.9 18.7 18.1 \':ti .. 
QMJM3586 SE Queensland M. agils Jardin# 22.6 8.1 17.5 18.0 "'tl 
.... 
QMJM6109 SE Queensland M. agils Jardin# 19.3 9.5 17.3 16.2 ~· 
QMJM101n SE Queensland M. agils Jardin# 20.1 9.0 18.0 17.2 .... 
QMJM11305 SE Queensland M. agils Jardin# 20.3 8.7 17.5 16.7 '< 
'"?i 
QMJM6108 SE Queensland M. •g/ls Jarclnl 17.3 8.7 17.2 16.7 $:) ;: 
;:s 
a 
ti 
$:) 
ti 
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APPENDIX C: GEOLOGICAL DAT A 
Cl: Key to Sedimentological Symbols 
C2: Pilot Creek Stratigraphic Logs 
Twenty six stratigraphic logs (V40-52, 56-58, 62, 64, 66-69, 72, 74-76) were described 
from various localities throughout the Pilot Creek valley (for locations see Figure 4.4. in 
Chapter 4). Facies codes correspond to additional descriptive data (summarised in Table 
4.1 in Chapter 4). See Appendix Cl for key to sedimentary symbols and features. Note 
numbers omitted (i.e. V53-55, 59-61, 63, 65, 70-71, 73) were used in field notes for 
indicating sites for reasons other than stratigraphic logs. 
C3: Pilot Creek Soil Descriptions 
Seven soils profiles were described using the Factual Key for soil classification by 
Northcote (1979). 
C4: XRD Results 
Cl 
Appendu C: Geological Data 
APPENDIX Cl: KEY TO SEDIMENTOLOGICAL SYMBOLS 
Bl 
~ 
~ 
filB 
GI] 
el 
~ 
a 
~ 
~ 
g 
~ 
clay 
clay I silt 
silt 
fine I medium sand 
coarse sand 
gravel 
fine gravels in 
sandy matrix 
gravel lag deposits 
lenses 
basalt bedrock 
scour contact 
poorly exposed, 
obscured by scree 
C2 
~ soil, pedogenised zone 
1~ ~1 trough cross stratification 
cross stratification 
horizontal stratification 
bioturbation 
1~ ~) 5 \ calcrete 
tJ in situ fossil 
DATING SAMPLE SYMBOLS 
r;-J radiocarbon dating 
r._:j sample site 
EJ palaeomagnetic sample site 
LJ Optically Stimulated Luminescence sample site 
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APPENDIX C2: PILOT CREEK STRATIGRAPHIC LOGS 
STRATIGRAPHIC LOG: V40 
LOCATION: east bank of Pilot Creek, above junction with Haystack Creek 
Longitudinal cross section C - C'. 
SETIING: centre of valley, near to basalt outcrops, part of broad alluvial flat. 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
WB2 
o--~ 
,.-,· .............. ·. 
.. ·-.-:;-" -_· .. 
1 r- -:: ,:'."_"".-. :·: 
1···, _·r:-· :-_·. 
2 -··'.·-·.·.: 
- ' . . .. 
.. ' .. - ...  _ .. :-·.·· . .. 
.... - , 
: . ~ : ~ . . ---
3 :: ~ :- -~".".:': 
.· ;:"" '7 - · •• J 
·· ... . ·-. :_ -_ .. _ , ; 
t.,.- ._;.. :,. ··:::·.· 
·'="' :' _-:_: ; -:•.: 
4 xx,~-
STRATIGRAPHIC LOG: V41 
FACIES 
Fl 
Gcp 
Fl 
FIGcp Gcp 
Fl Gcp 
Fl 
Fl 
Gcp 
Fl 
DESCRIPTION 
columnar blocky peds 
mica-rich 
gravels are basalt clasts 
dark ?buried A horizon, 10YR3/1 
10YR 4/3 
medium/coarse sands 
10YR 4/3 clay/silt 
LOCATION: Thylacine Creek, west bank, under big gum tree, upstream 
of large bend in creek. 
SETIING: overlying Ordovician bedrock, gneiss and opposite hillslope 
generating alluvial fan material 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
Q 'r~: ~ -:--'. 
."' '"';'" ~ --- . -
WB2 
:: . ... .... --
~--~~:~: 
3 
FACIES 
Fl 
Fl 
Fl 
scree 
C3 
DESCRIPTION 
clay silt, 1 OYR 4/1, some mica 
large columnar pillars extending depth 
of profile, horizontal bedding 
10YR 4/1 
coarser sand/pebble bed fining upward 
visible charcoal 
2.SY 5/2 (at 2.4 m) 
occassional large basalt eratics, 
quartz and gneiss clasts throughout 
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STRATIGRAPHIC LOG: V42 
LOCATION: Thylacine Creek, 25 m east of Thylacine datum, south bank 
Longitudinal cross section D - D' 
SETTING: midway along alluvial fan wedge 
MORPHOLOGY: 
INFERRED SKETCH FACIES 
UNIT 
metres 
Pli 0 -· 
L: I ... -· ,._, s ·~s ~ s ~> AF1 r -1 
i I . 
! ! 
~ . J 
Sp 
fee 
2 !;' 1 ' .• !\: . . • ' 
i ~ · 
;, .. 
. 
t-. 
k:: . 
. -. 'I 3 Ss ?PC3 Fl Ss Ge 4 
scree 
STRATIGRAPHIC LOG: V43 
DESCRIPTION 
calcrete horizon near surface 
uniform fine sand/silt matrix supporting 
small subrounded pebbles of basalts, 
quartz, gneiss, colour 10YR4/4 & 4/3 
no internal bedding 
sharp contact 
interbedded sequence of silts/pebbles 
beds 5-1 O cm thick, 8 beds 
gravel clast supported basalts 
LOCATION: Thylacine Creek, southeast bank. 
Longitudinal cross section D - D' 
SETTING: on proximal wedge of alluvial fan mid-way up hill slope to east of valley 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
soil n 
?WB2 LJ 
0 1'1iiliilii:.tJ 
·-·i · - ~· 
!"-" ._;-. - •• 
FACIES 
?Fl 
?Fl 
C4 
DESCRIPTION 
brown (7.5YR 5/4) sandy loam with angular 
pebbles, very porous bioturbation with rootlets 
& ant holes, grading to pinky dark brown 
(7.5YR4/4} sandy loam with earthy fabric 
sharp boundary to brown silty loam, porous 
bioturbated. 
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STRATIGRAPHIC LOG: V44 
LOCATION: East bank of Thylacine Creek, at head of creek. 
SETTING: butting against Ordovician banded gneiss bedrock and near hillslope 
feeding an alluvial fan 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
~ 0 't··.-· ... "':' · Fl - ' - . mica-rich silt ( 1 OYA 3/2) WB2 ~ -.: ·. ~ l~t~;. · .. -~.' ,.:_ ... .;.. soil ?bleached A2. subtle contact I . . . I -. =- , ..: . 
'Nl/82 
:.: -~· .. ~ ;,.__-. Fl mica-rich fine sand, 2 .. ~)·. · ...> . ...:.. · 1 OYA 5/3 and 4/4 
'• . -· ., 
·-
·-
~ ... ·. 
3 Ge poorly sorted large angular gneiss clasts 
STRATIGRAPHIC LOG: V45 
LOCATION: west bank, Haystack Creek 
Longitudinal cross section B - B'. 
SEITING: through low terrace near valley margin, on meandering creek bend 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
WB2 
PC undif. 
0 ":·- -. __ ::..._ ·:.=:. 
,'-::. --_; · ... :-: 
·.-: :.- ~ . .....;· 
. -:-... --
•,,.a. y.-;._ _,~;. 
. .._ ....... 
• -· • ..::··."'I 
FACIES 
Fl 
Gcp 
Fl 
soil 
Gcp 
St? 
Ge 
Sh 
DESCRIPTION 
clay/silt bed (10YR 3/2) showing large blocky 
columnar peds 
charcoal particles visible 
pebble lens - lithology rounded flat well-sorted 
schist. some angular quartz 
sharp contact 
pinky soil (5YR5/6) developed on sandy 
coarsening upward layer 
silty clay through to sand (7.5YR5/6) 
fining upward 
poorly sorted basalt cobbles 
fine-medium sand lens, mottled 7.5YR 5/8 
basalt bedrock 
cs 
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STRATIGRAPHIC LOG: V46 
LOCATION: east bank of Haystack Creek 
Longitudinal cross section A - A'. 
SETTING: through low terrace to unconformity with red unit 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
11 0 clay/silt bed with columnar peds .~ · ~ :r-:-:: ·. ·~· Fl ! I beds extend laterally for many metres WB2 I ~ 
l ~ Ge gravels poorly sorted, angular 
PC undifl 
Fl sharp scour contact 
St fining upward red sands, 7.5YR 5/8 
2 5YR 5/8, 
Ge gravel clasts basalts 
STRATIGRAPHIC LOG: V47 
LOCATION: east bank of Haystack Creek 
Longitudinal cross section A - A' . 
SETTING: through low terrace to unconformity with red 
unit, at valley margin near basalt hills 
MORPHOLOGY: 
INFERRED 
UNIT 
WB2 
PC undif 
SKETCH 
metres 
o~~~ 
FACIES 
Fl 
Gcp 
Fl 
Gep 
DESCRIPTION 
10YR4/2 mica-rich sitl 
silty clay 1 OYR4/3 
shWf) scour contact 
well-developed truncated duplex soil 
7 .5YR4/6 mottled very hard clay 
2.5YR4/6 & 3/6 
C6 
small pebble lenses, well rounded basalts 
schist and quartz clasts. 
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STRATIGRAPHIC LOG: V48 
LOCATION: east bank of Haystack Creek 
Longitudinal cross section A - A' . 
SETTING: section through two large palaeochannels separated by 
mature truncated soil. 
MORPHOLOGY: 
INFERRED 
UNIT 
n 
WB2 [ f 
PC undif~ 
SKETCH 
STRATIGRAPHIC LOG: V49 
FACIES 
Fl 
Fl 
Gcp 
scree 
DESCRIPTION 
clay/silt bed with columnar peds 
mica-rich beds 
10YR 4/2 
sharp scour contact 
7.5YR4/6, buried well-developed soil in 
silty clay bed 
poorly sorted gravel, subangular basalts 
some >10cm. 
LOCATION: west bank, Haystack Creek, ANU-8101 dating site 
longitudinal cross section B - B' 
SETTING: slumped area of high terrace. 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
PESA • 0 silt 7.5YR 3/4 
PC undif. I Fl silty clay 5YR4/6 with mature soil horizon 1 Ge gravel - basalt clasts, some schist 
Fl 
loam 7 .5YR 4/6 
? 2 grassed over scree 
modern I ANU-8101 sample site from charcoal bed in sandy layer 
3 
C7 
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STRATIGRAPHIC LOG: VSO 
LOCATION: 36 m west of Thylacine datum, south bank, at basalt wall, 
in Thylacine Creek. 
Longitudinal cross section D - D'. 
SETIING: through low terrace to underlying unit and to basalt bedrock. 
MORPHOLOGY: 
INFERRED SKETCH 
UNIT 
metres 
0 1-'" ~ ' -\ 
WB1 
1 
". ~ 
.. .;. ":.......-;_ 
·-::..... ·- ~ 
. . ·. ~ -
FACIES 
Fe 
Fe 
Gcp 
Fe 
Fe 
Fs 
Gcp 
Sh 
Sh 
DESCRIPTION 
silty clay grading downward to sandy clay 
-
1 OYR 4/1 _ c,,-
lenticular pabble beds 
silty clay, mica-rich 
visible charcoal, ANU8098 date sample site 
basal gravel lens with sharp underlying contact 
clay/silt 1 OYA 5/2 & 5/4 
medium sand, 10YR 5/8 
sand with pebbles 
fining upward sands/clays 
C8 
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STRATIGRAPHIC LOG: V51 
LOCATION: 'Red Bluff Site', east bank of Pilot Creek, 
104 m south of datum. 
Longitudinal cross section G - G'. 
SETIING: High terrace exposure extending from Thylacine datum 
across paddock to Red Bluff. 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH FACI ES 
metres 
PESA 
PC4 
4 · .. >.-, · .. •. ·. 
PC3 
6 ::~:.:.· . ·· .. 
':.-: ·: ··· :·:·.·.-::: 
7 : ...,o,..:~:=. 
{ ' / .. [· • \7\1. .-· _,:' ;v , 
Fsl 
Gm 
?Sp 
?Sp 
Ge 
Ss 
Fl 
Sp 
Ss 
Fl 
scree 
DESCRIPTION 
brown silt, laminated, 10YR 3/4 
gravel, poorly sorted, 
coarse sand, pebbles in sand matrix, 10YR 5/2 
loam - red yellow poorly exposed, some 
horizontal bedding within matrix 
clast supported gravel of weathered basalts 
and some quartz 
sequence of narrow beds, red coarse sand 
interbedded with clays, silts, loams, 
10YR 4/6 mottled and oxidized. 
coarse sand with weathered feldspar clasts 
subangular in coarse sand matrix, 2.5Y 5/2 
sequence of at least 16 narrow beds of 
red coarse sand interbedded with clays, 
silts, loams, 
many weathered felspar clasts in courser beds 
fossils in sandy bed at base of sequence 
C9 
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STRATIGRAPHIC LOG: V52 
LOCATION: 'Alex's Wall Site', west bank, Pilot Creek, 34 m upstream of Main datum. 
Longitudinal cross section E - E'. 
SETIING: Gully wall in centre of valley deeply incised by present creek, high 
terrace on surface. 
MORPHOLOGY: 
INFERRED SKETCH 
UNIT 
PESA 
metres 
0 
WB1 
PC4 
2 
PC3 
3 
PC2 
PC1 
FACIES 
soil 
Fe 
soil 
~Fl 
Ss 
FrfS\ 
Ss 
Pr~\ 
etc. 
Ge 
Fs 
DESCRIPTION 
brown earthy soil on surf ace 
pedogenised zone 
7.SYR 4/4 porous loam. large root and 
ant voids.some mica 
sharp contact 
.S,.5'.5 m of over 100 narrow beds (1-10 cm) 
extend laterally, some lens out. 
ClO 
some low-angle cross bedding 
most silt/clay beds show fine horizontal lamination, 
some beds have strong Mn & Fe oxidized bands, 
well-sorted grains in each bed, alternating from 
sands/silts/clays, some in fining upward cycles 
all beds have sharp bed contacts 
no imbrication evident, some flame structures 
grain size < 2 cm in all beds 
gravel bed laterally continuous, basalt clasts 
fossils at top of bed below gravels 
visible charcoal lens 5 cm thick 
silty clay loam 
fossils throughout bed 
scree 
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STRATIGRAPHIC LOG: V56 
LOCATION: east bank of Haystack Creek, dating site for ANU-8102. 
Longitudinal cross section A - A' . 
SETTING: through low terrace as part of large meandering channel 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
WB2 ~ 0 Fl modern organic rich soil horizon J-:· ~ ~ -.: ·; homogeneous silty sand beds -~·::;;:9. Fl highly blocky, large columnar peds I ' 
i : 
i I -:. .. ~ ' .• I .- . ··/: I ! " . ' colour 10YR 4/2 with slight mottling in places I i 2 . -·• ·· . . ,. 
I 
.. Fl 
t . . 
I . . . : '•. 
I I : ... • · ~ • ' 1 ... i I .... .... 
i i ... , ... . :·· 3 - . . fine pebbly lens, average size 4 cm} LJ Gcp comprising metasediments and quartz 
STRATIGRAPHIC LOG: V57 
LOCATION: Elderberry Creek, south bank, near dam wall. 
SETTING: next to valley margin near basalt outcrop, conglomeratic unit is under basalt 
bedrock upstream of V57 and has decomposed clasts and mature soil. 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
~ 0 ... -.-: .. ~ ~ Fl grey loam, columnar peds r · ' ",. L ~ Gcp fine gravel, angular basalt clasts WB2 .-· .;- - Fl ,--._-... -:-.-_:_ ·;.· __ .-; _: Gcp? basal gravel, basalt clasts, some quartz 
pre-basalt I 2 soil well-developed Duplex soil, red (10R5/8} in hard blocky heavy clay Ge gravel, poorly sorted sub-rounded, highly 
3 weathered, low angle imbrication, lithology-decomposed basalts, in soft clay matrix 
scree 
Cll 
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STRATIGRAPHIC LOG: V58 
LOCATION: SUA-2088 dating site, Elderberry Creek approx. 15 m 
upsteam from junction with Pilot Creek. 
Longitudinal cross section I - I' . 
SETIING: Near large basalt outcrop, in high terrace with 
alluvial flat on surface 
MORPHOLOGY: 
INFERRED SKETCH 
UNIT 
metres 
n 
0 
.-
BW2 ' -
! i -~ . .- . 
-
·-! I 1 ·- --u 
I:::::::=. 
2 
I. . ... r·· ... 3 
" ' ! .• • 
4 
PC undiff. 
5 
6 
FACIES 
Fsl 
soil 
Ss 
Fl 
Ss 
Fl 
Ge 
scree 
DESCRIPTION 
grey uniform loam, some columnar pedogenesis 
10YR 4/2 
sharp contact 
dark soil horizon, 10YR 4/3, silty loam 
well sorted sands, horizontal bedding, 
interbedded sands and clays repeated Ss and Fl 
facies, some bioturbation 
cross bedding in sand bed 
clay beds 10YR 5/3, laterally continuous for 10 m + 
sequence repeated over 5 m down profile 
poorly sorted clast supported gravel 
silty loam, 10YR 6/8 and 7.SYR 5/6 
dark soil - clay lense (site of SUA-2088) 
gravel, dominated by weathered basalt clasts 
Copy of original field sketch for SUA-2088 radiocarbon sample site 
(collected and drawn by G. Taylor and P. Walker in 198~). 
SKETCH STRATIGRAPHY 
Cl2 
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STRATIGRAPHIC LOG: V62 
LOCATION: 40 m north of Main datum, east bank of Pilot Creek 
'Double Dutch Site' 
Longitudinal cross section F - F' . 
SETIING: In steep gully wall opposite Alex's Wall Site under low terrace 
and in base of high terrace where the two units come together. 
MORPHOLOGY: 
INFERRED 
UNIT 
PESA 
WB1 
PC? 
PC2 
PC1 
SKETCH FACIES 
Fsl 
Fe 
? 
DESCRIPTION 
sandy loam with horizontal lamination, 
some pebbles(< 3 cm, basalt), 10YR 3/3. 
sharp contact with underlying unit 
black mica-rich silty loam, some coarse 
quartz & feldspar clasts in small lenses. 
poor exposure 
Gm matrix supported thick gravel 
?Ss 
) Fl 
Gcp 
Fs 
water level 
beds are thicker than interbedded Ss/FI 
sequence seen elsewhere 
fossils in silty clay bed at base of sequence 
Cl3 
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STRATIGRAPHIC LOG: V64 
LOCATION: 'Lamby Site', 15 m north of Main datum, west bank of Pilot Creek. 
Longitudinal cross section E - E'. 
SETIING: part of high terrace in centre of valley 
MORPHOLOGY: 
INFERRED SKETCH FACIES 
UNIT 
metres 
0 
PC undif. \~~·~\~ 
_ ... i...:? .' ",~ ~· 
1 
! \;:-r_,~_; ~, ; ; 
Ss ..--
~- - -
- Fl 
--- - Ss 1~-.::_:_ Fl 
2 I ---~"iB> Ge ' ~ - c =? j _-_- - _ 
PC3 
- - --} 3 Ss 
'~ ~1 Fl Ss Fl 4 
PC1 5 !~~}:J1 -- ~ Fs 
Cl4 
DESCRIPTION 
pedogenized brown loam 
sequence of narrow beds, over 60 beds 
red coarse sand interbedded with clays, 
silts and loams (Ss/FI repeated). 
narrow baslalt-rich gravel bed 
sequence of narrow beds, over 60 beds 
red coarse sand interbedded with clays, 
silts and loams (Ss/FI repeated). 
ANU-8372 radiocarbon sample site, 
in charcoal-rich bed -5 cm thick 
fossils throughout clay bed at base of 
sequence 
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STRATIGRAPHIC LOG: V66 
LOCATION: East bank, downstream from waterfall, Pilot Creek 
Longitudinal cross section F - F'. 
SETIING: Gully wall in centre of valley deeply incised by present creek, high 
terrace on surface. 
MORPHOLOGY: 
INFERRED SKETCH 
UNIT 
metres 
PESA 0 . .,..,.......~.,,.,., 
PC4 
PC3 2 
3 
PC2 5 
6 
PC1 
FACIES 
Fsl 
soil 
Fl 
Ss 
Fl 
Ss 
Fl 
etc. 
c 
G~ 
St 
?Sg 
DESCRIPTION 
brown earthy soil on surface 
pedogenised zone, 10YR 4/1 sandy clay loam 
columnar structure, smooth peds 
interbedded well-sorted sands/silts/clays 
up to 15 beds counted 
fining upward sequence above gravels 
thick gravel bed, poorly sorted, lot of matrix 
but still clast supported 
mostly basalt clasts 
horizontal beds of sands (well sorted} 
small gravel lenses, 
some cross bedding 
?Ge basaltic gravel 
sharp contact 
Fs heavy silky clay 
Cl5 
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STRATIGRAPHIC LOG: V67 
LOCATION: Dating site ANU8400, east bank of Pilot Creek at 'Elderberry Site' 
Longitudinal cross section H - H'. 
SE1TING: profile through low terrace u-shaped channel section 
MORPHOLOGY: 
INFERRED SKETCH FACIES 
UNIT 
metres 
PESA 0 Fl 
I - . • 
WB1 
2 
3 
MT 
4 
STRATIGRAPHIC LOG: V68 
Fe 
Gcp 
Fe 
Gcp 
St 
scree 
DESCRIPTION 
brown silty laminated bed, 20 cm 
10YR 3/1, silty clay, mica-rich, some 
coarse material (fresh banded gneiss, 
white felspar clasts) 
fining upward from basal gravel beds 
high angle lenticular beds 
dark silty sand with blocks of charcoal 
sample site for ANU4290 
wedge of middle terrace unit at base 
LOCATION: 'Poplars Locality', west bank, Pilot Creek, 2 m north 
of Poplats datum. 
Longitudinal cross section J - J'. 
SE1TING: profile through red alluvial fan and terrace 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
0 
- -
, -
- ---
AF2 
,~) S _l ~-~ 
1 :· ~H:-•. 
~ . ·-
-
.. -. . - . 
... ~ . 
2 
,,.:·· ·:...; · .~. ~':. 
:, ' 
. 
PC undif. 
3 
4 
FACIES DESCRIPTION 
yellow/brown (10YR 5/6} loam, dusted 
throughout with calcrete. very porous unit 
Sp? 
with large voids 
Fl diffuse contact, irregular 
red/brown ( 1 OYA 6/6} silt 
Gcp pebble lense, poorly sorted 
Sp? some subtle internal bedding 
scree 
C16 
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STRATIGRAPHIC LOG: V69 
LOCATION: Downstream of 'Poplars Locality', west bank, Pilot Creek. 
Longitudinal cross section J - J'. 
SETTING: profile through low terrace 
MORPHOLOGY: 
INFERRED 
UNIT 
WB1 
?AF2 I or 
PC undiff. 
SKETCH 
metres 
0 r---~ ~: ~· ::~=-. 
2 
3 
:-~· - --=...:..-
.:_ ... · - : .. 
l . :. :'.'· 
-w;;.·,\, 
FACIES 
Fe 
Fe 
Fe/Sp 
scree 
DESCRIPTION 
fine mica-rich silt, uniform texture, 
showing small smooth peds, crumbly 
texture, colour 2.SY 4/1 . 
some visible charcoal blocks 
darker (2.SY 3/1) horizon within bed 
sharp contact 
yellow silty loam, some coarser material 
as small pebbles, colour 1 OYA 4/3 
some large basalt rocks scattered throughout 
Cl7 
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STRATIGRAPHIC LOG: V72 
LOCATION: 'Overhanging Post Site', west bank, Pilot Creek. 
Longitudinal cross section E - E'. 
SETIING: Gully wall in centre of valley deeply incised by present creek, high 
terrace on surface. 
MORPHOLOGY: 
INFERRED SKETCH 
UNIT 
metres 
PESA 
I 
0 
PC4 
1 
.. . . .. 
1' .. ~ <~- -~ -;- =. 
{·:_ ~~-:·.:~:.·~ .:. 
2 
PC3 
3 
4 
5 
PC2 
6 
PC1 7 
8 
FACIES 
soil 
Fl 
Ss 
Fl 
Ss 
Fl 
etc. 
St 
Ge 
Fs 
DESCRIPTION 
1 OYR 4/2 brown sandy loam over a dark soil horizon 
in heavy clay 1 OYR 211 
blocky peds, no sedimentary structures visible 
interbedded sands/silts/clays in fine beds, 
horizontal bedding 
slight slumping with some thicker beds. 
high-angle cross bedding in coarse sands 
poorly sorted clast supported gravel, little matrix 
5-15 cm clasts, mostly basalts 
very sharp contact along disconformity 
bone at top of clay bed, some charcoal 
hard clay (10YR 3/3) with lenticular 
bodies within, fine silt and sand scours 
Ge coarse basalt rocks 
bedrock 
C18 
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STRATIGRAPHIC LOG: V74 
LOCATION: 'Elderberry Site', east bank, Pilot Creek, at dating site 
for ANU-8097. 
Longitudinal cross section H - H'. 
SETTING: middle terrace unit protruding into main creek, incised at top 
by younger channel unit. 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH 
metres 
0 
WB1 
2 
3 
MT 
-=-·~.:.. 5 .:· , _!-...: 
,,-·· :.. ~ . 
- ·~ 
- ;, .... -... 
......... .... 
- -~ 
6 -· ~ -
FACIES 
Fe 
Fs 
?Ss 
Fl 
Fs 
Ge 
DESCRIPTION 
poor exposure, grassed over but is 
laterally continuous with WB 1 
sandy loam, mica-rich, slight bedding but 
mostly massive with large colomnar pads 
10YR 5/3 
pebble lense, very weathered well-rounded 
gneiss clasts, subangular quartz, basalt 
2-6 cm thick beds of sands/silts 
coarse sands poorly sorted 
charcoal lense in heavy clay bed 10 cm thick 
(site of ANU8097: 8,950+-410) 
7 .5YR4/3 loam with some coarser pebbles 
modern Pilot Creek gravel lag deposit-basalts 
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STRATIGRAPHIC LOG: V75 
LOCATION: 'Blue Tooth Corner', 7 m south of Main datum, near 
Thylacine Creek junction, east bank. 
Longitudinal cross section F - F'. 
SElTING: where low terrace overlies high terrace in centre of valley. 
MORPHOLOGY: 
INFERRED SKETCH FACIES DESCRIPTION 
UNIT 
metres 
0 ~-~ ; WB1 
~__, I Fe dark grey (10YR 3/1) silty mica-rich 
1 
___, -· 
matrix with coarse sand and pebble lenses 
.,,. ..../ 
--, 
; 
2 
·•.:· . . 
Ss 
PC3 ... -.. ·.· ·--· - Fl sequence of narrow beds, over 70 beds 
3 ... Ss red coarse sand interbedded with clays, 
Fl silts (Ss/FI repeated) . 
• ¥• - - · -· · 
! 
. . -~ . ... .. 
' 
4 I 
PC2 ... :...· t:•;•; St fining upward pebbles-sands ~~~ Ge coarse basaltic gravel 
5 I ~ ·T fossils throughout clay bed at base of 
PC1 l· 4t~ Fs&Sg sequence, evidence of re-working of clays water level 
STRATIGRAPHIC LOG: V76 
LOCATION: 'Briar Bush Site', 15 m south of Main datum, west bank 
of Pilot Creek. 
Longitudinal cross section E - E'. 
SETTING: in high terrace in centre of valley at junction of modern 
Thylacine Creek and Pilot Creek. 
MORPHOLOGY: 
INFERRED 
UNIT 
SKETCH FACIES 
metres 
PC undif. I 
0 
PC undif. 3 
PC3 
PC1 
? 
Ss 
Fl 
Ss 
Fl 
Gcp 
Fs 
scree 
DESCRIPTION 
grassed area, poor exposure for upper 
4 m of profile. 
very oxidised sands/silts/clays 
sequence of narrow beds, over 30 beds 
red coarse sand interbedded with clays, 
silts and loams (Ss/FI repeated). 
7.SYR 5/8 & 6/8; 10YR 5/3 & 4/6 
pebbly bed oxidised, well sorted 
sharp contact between subunits 
fossils in clay bed at base of 
sequence 
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APPENDIX C3: PILOT CREEK SOIL DESCRIPTIONS 
SOIL PROFILE: S43 
LOCATION: East bank, Thylacine Creek, at fence line 
SETIING: Sediments over Palaeozoic metamorphic bedrock, at base of hillslope, in 
proximal part of wedge of alluvial fan. 
MORPHOLOOY: 
Horizon Depth (cm) 
A 0-3 
B2 3-90 
c 90+ 
IDENTIFICATION: Gn 
SOIL PROFILE: S47 
Description 
Brown (7.5YR5/4(d)) sandy loam with angular pebbles, 
very porous bioturbated with rootlets and ant holes. 
Diffuse boundary to 
Dark brown (7.5YR4/4(d)) sandy loam, very porous 
earthy fabric. Sharp boundary to 
Brown (10YR4/3(d)) silty loam, very porous, bioturbated. 
LOCATION: East bank, Haystack Creek 
SETIING: On slopewash and fluvial sediments at valley margin near basalt outcrops. 
Profile truncated by broad palaeochannel. 
MORPHOLOOY: 
Horizon Depth (cm) 
0-130 
A 
B2 
B3 
c 
130 - 155 
155-160 
160 + 
Description 
QWB2 
Missing. Truncated by QWB2 
Reddish brown (5YR4/4 to 4/6 (m)) slightly mottled, very 
hard medium-heavy clay. Smooth peel fabric, highly 
pedal, blocky structure. Sharp boundary to 
Brown (7.5YR4/4 (m)) silty clay. Smooth peel fabric, with 
prismatic structure. Diffuse boundary to 
Yellowish brown (10 YR4/4 (m) silty clay with smooth 
peel fabric, prismatic structure, very hard. 
IDENTIFICATION:? B horizon of Dr 
SOIL PROFILE: S56 
WCATION: East bank, Haystack Creek, at ANU-8102 sampling site 
ENVIRONMENT: Sediments from QWB2, low terrace, as part of broad palaeochannel. 
MORPHOLOOY: 
Horizon Depth (cm) 
Al 0-10 
B 10-300 
Description 
Organic rich silty clay loam, of dark greyish brown 
(10YR4/2(d)). Sharp boundary to 
Brown (10YR4/3 (d)) silty clay loam, with prismatic 
structure on exposed gully surface but not beyond surface, 
smooth faced pedological organisation, friable fabric with 
rootlets and pores throughout. Blocky charcoal specks 
sporadic. 
C 300 + Basalt regolith 
IDENTIFICATION: Um6.32 
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SOIL PROFILE: S57 
LOCATION: South bank of Elderberry Creek at valley margin 
SETTING: Developed over pre-Tertiary conglomeratic unit on downhill side of basalt 
outcrop, and truncated by Holocene QWB2 fluvial sediments. 
MORPHOLOOY: 
Horizon Depth (cm) Description 
BW4 0-130 QWB2 
A Missing. Truncated by basal gravels of QWB2 
?B 130-170 Red (10R5/8 (d)) heavy clay, hard, blocky 
C 170-200 minimal soil development 
Regolith 200 + very weathered conglomerate 
IDENTIFICATION: ? B horizon of Dr 
SOIL PROFILE: S66 
LOCATION: East bank, downstream of waterfall, main Pilot Creek 
SETTING: Centre of valley at area of deepest sediment fill, up to 8 m, exposed in gully 
walls and in cores. 
MORPHOLOOY: 
Horizon Depth (cm) 
PESA 0-40 
Al 
A2 
B2 
B3 
c 
40-60 
60-80 
80-130 
130 + 
IDENTIFICATION: Ddl.4 
SOIL PROFILE:-S68 
Description 
PESA 
Truncated by basal gravels of PESA 
Bleached dark grey (10YR4/l(d)) sandy clay loam, 
columnar structured smooth peds. Sharp boundary to 
Very dark grey (10YR3/l(d)) heavy clay, smooth faced 
peds, blocky structure, hard. Sharp boundary to 
Brown (10YR4/3(d) loam with prismatic structure and 
smooth faced peds. Sharp boundary to 
PCU2 comprising interbedded well sorted sands, silts, 
and clays, with massive gravel facies. 
LOCATION: Poplars Site, west bank 3m upstream from Poplars datum, Pilot 
Creek 
SETTING: Alluvial fan sediments feeding from un-named western tributary 
MORPHOLOOY: 
Horizon 
A 
Depth (cm) Description 
A2 
0-10 
10-80 
B2 80-190 
c 190+ 
IDENTIFICATION: Gel 
SOIL PROFILE: S69 
organic rich leaf litter 
calcareous very dark brown (10YR3/2(d)) silty loam to 
clay loam 
10YR3/3 (d) sandy clay loam 
Pilot Creek Formation fluvial sediments 
LOCATION: West bank, Pilot Creek below Poplars Site 
SETTING: Pluvial sediments from QWB2, low terrace, as part of massive broad 
palaeochannel. -
MORPHOLOOY: 
C22 
Horizon 
Al 
B 
Depth (cm) 
0-10 
10- 260 
c 260+ 
IDENTIFICATION: Um6 
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Description 
Organic rich silty clay loam, of dark greyish brown 
(10YR412(d)). Sharp boundary to 
Very dark grey (10YR3/l (m)) micaceous clay loam and 
sandy clay loam, with some schist and angular quartz 
pebble stringers 
Loamy sand with coarser gravels of metamorphic rocks 
APPENDIX C4: XRD RESULTS 
Sarrple: BUNYAN es.1 4-Nov-1990 18:4'3:19 
Oat.a f'ile: A2606.RAW 
Seo 2thet.a d rel. I Seq 2t.heta d rel. I 
1 2S.916 3.4483 34.23 4 32.021 2.7928 100.00 
2 28.192 3.1528 14.61 5 33.096 2.7045 48.56 
3 29.241 3.0517 l&.80 l 25.816 3.448:3 34.23 
4 32.021 2.7928 100.00 10 49.588 1.8368 29.11 
s 33.096 2.7045 48.56 6 34.143 2.6240 26.51 
6 34.143 2.E.240 26.51 9 46.855 1.9374 24.31 
7 40.096 2.2470 22.21 7 40.096 2.2470 22.21 
8 43.882 2.0615 10.50 11 51.743 1.7653 18.81 
9 46.855 1.9374 24.31 12 52.291 1.7481 18.21 
J..O 49.588 1.9368 29.11 13 53.142 1. 7221 18.01 
1.l 51. 743 1.7653 18.81 3 29.241 3.0517 15.80 
J.2 52.291 1.7481 18.21 2 28.192 3.1628 14.61 
J..3 53.142 1. 7221 18.01 8 43.882 2.0615 10.50 
IUH'llHJli.1° -----
ss: . t•: 1.18 CUX..1 
tLACt< ao~ 6 
< 2.999 x : 2theh y 337. Lineu 62.999> 
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Sarrole: BUNYAN 75.10 
Oat-a f'ile: A2607.RAW 
Seq 2t.heta d rel. I 
1 25.808 3.4493 30.41 
2 29.100 3.0662 20.30 
3 31.958 2.7982 100.00 
4 33.094 2.7047 59.47 
5 39.210 2.2958 13.79 
6 40.086 2.2476 28.57 
7 41 . 102 2.1943 10.75 
8 43. st:.2 2.0625 10.43 
9 46.846 1 . 9378 25.78 
10 49.548 1.8382 26.39 
11 50.999 1.7893 19.10 
12 53.025 1.7256 17.18 
< 2.09e x 2theta y 
29-9713 l FeO(OH> Coethite 
C24 
4-Nov·-1990 19:33:47 
Seq 2U-1eta 
"" 31.958 ...) 
4 33.094 
1 25.808 
6 40.086 
10 49.548 
9 46. 846 
-:;, 29.100 '-
11 50.999 
12 53.025 
5 39.210 
..., 41.102 ( 
8 43.862 
BUNYAN 7S .18 
ss: 8.94a8 tM: 
°EiR_OW!J Is, ONt 
281. Linea:r> 
d rel. I 
2.7982 100.00 
2.7047 59.47 
3.4493 30.41 
2.2476 28.57 
1.8382 2tS.39 
1. ·:i378 25.78 
3.06E:.2 20 .:30 
1.7893 19.10 
1.7256 17.18 
2.2958 13.79 
2.1943 10.75 
2.0525 10.43 
62.009> 
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APPENDIX D PILOT CREEK AND BUNYAN SIDING PALYNOLOGY 
Introduction 
To obtain additional palaeoenvironmental and age data, pollen studies were carried out 
throughout the Pilot Creek and Bunyan Siding. Nineteen samples were collected from 
potentially suitable sites comprising clay facies, charcoal lenses, buried A horizons, and 
from a modem swamp (Table D.l). Off the 19 samples processed (in two batches, 1990 
and 1992), only 3 preserved sufficient pollen to count (see Tables D.2 - D.4). The 
problems of fluvial systems such as streams for preserving pollen including damage by 
sediments during fluvial transportation and re-working of pollen grains from older 
deposits were realised (see Bradley, 1985). One of the restrictions on pollen preservation 
is the presence of highly oxidised sediments. Unfortunately, the sediments of the Pilot 
Creek Formation and the Jilliby Formation are red and oxidised. 
Methods 
Pollen analysis were carried out on 19 samples collected from clay-rich fluvial facies in 
the various units and treated using standard pollen extraction techniques. Samples 1-4-
PCB, PCR, 7 PCLB were prepared by me in 1990 and identified by J. Shoumaster, 
Geography Department, A.N.U. Samples PPC 1-11 and RVl-4 were prepared in 1992 
by J. Atkin, Biogeography and Geomorphology Department, A.N.U. and pollen 
identifications and counting was performed by J. Luly, Geography Department, A.N.U. 
The variability in the sediment types meant that the standard preparation methods used 
were not ideal for many samples, consequently pollen grains were often not visible on 
slides due to the high organic content. Table D.1 lists the sample codes and locality 
details, as well as an assessment of the result of each sample, and a comment on its 
association to other environmental indicators or radiocarbon dates from the same unit 
Results 
Table D.2 shows the pollen results from Sample 2-PCR in Pilot Creek in a charcoal lens 
near the base of profile V74 (longitudinal section H-H') in a heavy clay bed (facies type 
Fs), at 'Elderberry Site' in the Qmt unit The charcoal is in large blocks and shows macro 
scale plant structures. A radiocarbon date (ANU8097) of 8950+/- 410 years BP was 
obtained from the charcoal lens. 
Table D.3 shows the results from a pollen sample collected from the base of the Pilot 
Creek Formation (in QPCl) in facies type Fs at the 'Double Dutch' fossil site (see 
longitudinal section F-F, profile V62) in a thick heavy clay bed. The bed contains an 
articulated specimen of Macropus cf. titan and correlates with the lowest bed on the 
opposite gully wall which has been dated at about 25 ka. 
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Table 8.4 shows the pollen results from a sample (PPC 9) collected in the Pilot Creek 
Formation, subunit QPCl, the same unit as the above sample (PPC 4). The sample was 
from a charcoal-rich bed radiocarbon dated at 25.4 ka. 
Code Locality 
1990 samples - Pilot Creek 
1-PCB Thylacine Creek 
2-PCR East Elderberry Site 
3-PCR Deep Pool Site 
4-PCLB Poplars 
1992 samples - Pilot Creek 
PP C-1 West B, Briar Bush (15 cm) 
P P C • 2 West B, Briar Bush (30 cm) 
PP C-3 East B, opp. Deep Pool 
PP C-4 Double Dutch 
PPC-5 Buried A at Overhanging P 
P P C-6 Buried A opp. Acacia Site 
PP C· 7 East Elderberry 
PP C-8 Big Willow Swamp 
PPC-9 Lamby Site 
PPC-10 Buried A in Core 17 (500 cm) 
PPC-11 QWB in Core 27 (170 cm) 
1992 samples - Bunyan Siding 
R v -1 2.25 m from surface at as 
RV -2 2.05 m from surface at SS 
RV - 3 O .80 m from surface at SS 
RV-4 1.08 m from surface at SS 
Result 
2 grains (fem) 
(see Table D.2) 
nil 
2 grains (casuarina) 
insufficient pollen to count 
nil 
nil 
(see Table D.3) 
nil 
nil 
nil 
nil 
(see Table D.4) 
insufficient pollen to count 
insufficient pollen to count 
insufficient pollen to count 
insufficient pollen to count 
insufficient pollen to count 
insufficient pollen to count 
Comments 
dated 8,950 
with M. titan 
with M. titan 
dated 25 ka 
correlate/OPC1 
buried soil 
?localised QWB soil 
repeat of 2-PCR 
modern 
dated 25 ka 
buried soil 
QWB 
inJilliby Fm 
inJilliby Fm 
inJilliby Fm 
inJilliby Fm 
Table 0.1. Summary of pollen samples from Pilot Creek valley (PPC-) and 
Bunyan Siding (RV-) . 
-3 species of daisy; 
-Rumex- polygonaceae ( cf. Dock weed); 
-ferns, round ferns, tree fems (cf. Dicksonia antarctica); 
-Myriophyllum (but could be Nothofagus); 
-Plantago Plantaginaceae; 
-Casuarina; 
-Chenopodiaceae x 2 species (salt bush); 
-grasses x 2 species; 
-Astelia (Alpine grass). 
Table 0.2. Results from the pollen sample from the Elderberry site, Sample 2-PCR 
(identifications by J. Shoumaster, ANU Geography Dept. 1990) 
D2 
ldentlf lcatlon 
Grass 92 
Daisy - Tubuliflorae 53 
Daisy- d Calomeria 20 
Daisy - Linguliflorae 9 
Chernopod/ Amaranthace 25 
Hahlenbergia 7 
Haloragis 1 
Callitris 1 
Gyrostemonacedea 1 
Eucalypus 1 
Podocarpus 3 
Casunnacede 1 
Myriophyllum 27 
Typhus 1 
unknown 2 
4-c patterned unknown 2 
3- c lacy unknown 4 
3 c unknown 8 
monolete fern 1 
liverhort 1 
Dnmys/ Tasmanius 1 
pollen sum = 216 
Count 
42.6 
24.5 
9.25 
4.1 
11.6 
3.2 
0.46 
0.46 
0.46 
0.46 
1.38 
0.46 
12.5 
0.46 
0.92 
0.92 
1.85 
3.7 
0.46 
0.46 
0.46 
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Table D.3. Results from the pollen sample from the Double Dutch site, sample PPC-4 
(identifications by J. Luly, ANU Geography Dept. 1992) 
Identification 
Grass 102 
60 
1 
2 
1 
1 
Daisy - Tubuliflorae 
Daisy - Linguliflorae 
Chernopodiaceae 
Proteaceae 
?Dodonaea 
indeterminable 6 
pollen sum = 173 
abundant charcoal 
Count 
59 
35 
<1 
<2 
<1 
<1 
4 
% 
Table D.4. Results from the pollen sample from the Lamby Site, sample PPC 9. 
(identifications by J. Luly, ANU Geography Dept. 1992) 
Discussion 
From the results in Table D.2 at the 'Elderberry Site', there was a high percentage of 
daisy and grass pollens. It would be premature to make any palaeoenvironmental 
interpretations from these results. A working hypothesis might be that the vegetation at 
the Elderberry site at about 9,000 years BP represented an open grassland, possibly sub-
alpine flora. 
From the results in Table D.3 from the QPCI subunit at Double-Dutch site (sample PPC-
4) the most likely environment at the time of deposition was that there was a dominance 
of herbaceous taxa: tree pollen not being abundant enough to have any relevance in the 
interpretation (J. Luly pers. comm., 1992). The environment was grassland with some 
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herbaceous cover and daisies: some possible indications of cold suggested by the 
presence of Calomeria (?)noted from Pleistocene of central Victoria. The environment 
was essentially dry, not swampy, suggested by the many daisies. There was a water 
course, probably with clear open pools supporting Typha and Myriophyllum. The plants 
chenopod and Amaranthacae (two pollen that are difficult to distinguish) also occur in the 
Lake George record. The wide dispersers which are sparsely represented, Casuarina and 
Gyrostemonacedea, cannot be interpreted with any certainty. Also interesting is the 
occurrence of the Tasmanian Drimys, a plant with a low dispersal range. It may have 
been transported by a bird or may represent a real occurrence (J. Luly pers comm., 
1992). 
From the results in Table D.4 from the 'Pilot Creek Formation', subunit QPCl at 
'Lamby Site' (PPC 9) the sample is a grassland with substantial input from daisies. 
There was no indication of woodland or forest taxa, nor any of the Calomeria type 
daisies either, suggesting it was a little warmer than the sample from Double Dutch Site 
(PPC 4). 
A general comment regarding the pollen work from Pilot Creek is that 
palaeoenvironmental interpretations cannot be made to any great degree of certainty. This 
is primarily due to the lack of a series of pollen bearing samples as might be obtained in 
core samples. In this study only a single sample from a bed in a unit has been processed 
which on its own may be misleading. However, the pollen results obtained give some 
indication of the flora present at the three time periods represented. 
From the few Pleistocene pollen studies done throughout the region such as in the 
Snowy Mountains at Blue Lake, Club Lake and Pound Lake, in the ACT at Rotten 
Swamp, and at Bega Swamp, and near Bombala (see Chapter 2), the new data from Pilot 
Creek agrees well with the general palaeoclimatic reconstructions. The evidence for 
essentially treeless plains covered by sub-alpine grasslands over the Monaro at a time 30-
25 ka, when climatic conditions were altering to very arid and cold conditions just prior 
to the Last Glacial Maximum agrees well with the existing model (see Chapter 2). 
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APPENDIX E: RELEVANT PAPERS 
Proposed conservation of the generic name Procoptodon Owen, 1874 and 
the two specific names P. rapha Owen, 1874 and P. pusio Owen, 1874 
(Macropodidae, Marsupialia) by the suppression of Halmaturotherium 
Krefft, 1872, Halmatutherium Krefft, 1873, Halmaturus scottii Krefft, 
1870 and Halmaturus thomsonii Krefft, 1870. 
Angela C. Davis & W.D.L. Ride 
Depanment of Geology, Australian National University, GPO Box 4, Canberra, 2601. 
Abstract. The purpose of this application is twofold: 
(1) to remove the threat to the widely used generic name Procoptodon Owen, 1874, 
a name in use for the fossil short-faced kangaroos from Australia, by suppressing 
Halmaturotheriwn Krefft, 1872 and Halmatutheriwn Krefft, 1873, unused generic names 
without originally included species which, nevertheless, threaten Procoptodon Owen, 
1874. 
(2) to conserve the widely used specific names Procoptodon rapha Owen, 1874 and 
P. pusio Owen, 1874. Two senior synonyms, Halmaturus scottii Krefft, 1870 and 
Halmaturus thomsonii Krefft, 1870 have been used only twice in the last century. 
Part 1: Procoptodon Owen, 1874, Halmaturotherium Krefft, 1872 and 
Halmatutherium Krefft, 1873. 
1. The generic name Procoptodon for the short-faced kangaroos has been used 
consistently since its introduction by Owen (1874). It is threatened by two older, unused 
generic names Halmaturotheriwn Krefft, 1872 and Halmatutheriwn Krefft, 1873. 
2. In 1872 G. Krefft established the generic name Halmaturotherium for 'those 
species of the kangaroo tribe, which, though of much larger size, still resemble in their 
dentition the ... wallabies of the present day' and 'which have rather firm jaws' (Krefft, 
1872, p. 327). There are no originally included species. 
3. Subsequently Krefft (1873) used the name Halmatutheriwn; again for a 'tribe of 
kangaroos ... which resembled the wombats in the shortness of their firmly-jointed 
mandibles' (Krefft, 1873, p. 238). From the diagnosis, it is clear that the spelling 
Halmatutherium is being used by Krefft instead of his earlier Halmaturotherium. The 
name Halmatutheriwn is used subsequently and consistently by Krefft (see Mahoney & 
Ride 1975). It is not merely an incorrect spelling but is an unjustified emendation of 
Halmaturotheriwn (Mahoney & Ride, 1975, p. 116), and an available name. 
4. In subsequent classifications of Australian mammals Krefft (1873, p. 594; 
1874, p. 146) included and again defined the genus Halmatutheriwn. No species were 
included. 
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5. However it is clear from a subsequent Krefftian manuscript (see Mahoney & 
Ride 1975, pp. 116-117) that Krefft had intended to include in Halmaturotherium two 
species, which he had earlier named Halmaturus (?) thomsonii Krefft, 1870 and 
Halmaturus (?) scottii Krefft, 1870. 
6. Dawson & Flannery (1985, p. 474) have established that if Krefft's intention is 
followed Halmaturotherium will become a senior synonym of Procoptodon Owen. 
Neither Mahoney & Ride (1975) nor Dawson & Flannery (1985) formally included 
Halmaturus scottii or Halmaturus thomsonii in Halmaturotherium or Halmatutherium. 
Accordingly, they remain available as nominal genera without included species and their 
continued presence renders vulnerable the familiar and commonly used generic name 
Procoptodon Owen, 187 4. 
7. In accordance with Articles 23b and 79c we request the suppression of the 
names Halmaturotherium Krefft, 1872 and Halmatutherium Krefft, 1973. 
8. The name Procoptodon has been used in over 80 publications in the last 100 
years, a selection of ten of these by different authors are as follows: Archer (1978, pp. 
79-82); Bartholomai (1970, pp. 213-233); Carroll (1988, p. 629); Dawson (1985, p. 66); 
Flannery (1991, pp. 46-47); Marcus (1976, pp. 94-105); Murray (1991, p. 1114); Ride 
et al. (1989, p. 95); Stirton & Marcus (1966, pp. 349-359); and Wells et al. (1984, p. 
326). An extended bibliography is deposited with the Secretariat ofICZN. 
Part 2: Halmaturus scottii Krefft, 1872 and Procoptodon rapha Owen, 
1874; H. thomsonii Krefft, 1872 and P. pusio Owen, 1874. 
9. In 1870 G. Krefft established Halmaturus scottii and Halmaturus thomsonii 
(Krefft, 1870, p. 9) for two species of fossil short-faced kangaroos (Macropodidae: 
Marsupialia) from the Pleistocene of New South Wales (Wellington Caves). He used the 
names Halmaturus scottii and Halmaturus thomsonii once subsequently (Krefft 1871). 
10. In 1874 R. Owen established Procoptodon rapha and Procoptodon pusio 
(Owen, 1874, pp. 788-791) for two species of fossil short-faced kangaroos 
(Macropodidae: Marsupialia) from the Pleistocene of Queensland (Darling Downs). 
11. Dawson (1982, unpublished thesis) in a study of the fauna of Wellington 
Caves found two species of short-faced kangaroo and found no difference in morphology 
and measurements between the type (BM32885) of Procoptodon rapha and the larger of 
the two Wellington Caves samples (including the type of Halmaturus scottii). She also 
found no specific difference between the type (AMF30330) of Halmaturus thomsonii [the 
type specimen is probably not from Wellington Caves, Dawson, 1982, pp. 22, 128], and 
the only specimen of the species known from Wellington Caves. She also made 
comparisons with descriptions of Procoptodon rapha and Procoptodon pusio from large 
samples from the Darling Downs by Stirton & Marcus (1976) and Bartholomai (1970). 
She concluded that Procoptodon rapha is a junior synonym of Halmaturus scottii and that 
Procoptodon pusio a junior synonym of Halmaturus thomsonii. Subsequently, this 
conclusion (also published in abstract by University Microfilms, 1994) was expressed in 
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the usage by Dawson & Flannery (1985) of the names Procoptodon scottii and 
Procoptodon thomsonii for those species. 
12. Since this single usage neither Dawson nor Flannery have used the names 
Procoptodon scottii and Procoptodon thomsonii. They have reverted to using 
Procoptodon rapha and Procoptodon pusio (Dawson, 1985, p. 66; Flannery, 1989, p. 
30; Flannery, 1990, p. 46). 
13. The names Procoptodon rapha and Procoptodon pusio are widely used and, 
except for the usage by Dawson & Flannery (1985), have been applied consistently for 
more than 100 years (see 14 below). Because of the single usage, technically Halmaturus 
scottii and Halmaturus thomsonii are not unused names in the sense of Articles 23b and 
79c, but there is nothing to be gained by replacing P. rap ha and P. pusio by them. 
14. In the sense of Article 79c the conditions establishing general current use for 
Procoptodon rapha and Procoptodon pusio are met. The names P. rapha and P. pusio 
have been used by at least five different authors in the following 10 publications in the 
last fifty years: Archer (1978, pp. 79-82); Archer & Clayton (1984, p. 551); Bartholomai 
(1970, pp. 213-233); Dawson (1985, p. 66); Flannery (1989, p. 30); Flannery (1991, 
pp. 46-47); Marcus (1976, pp. 74-105); Murray (1991, p. 1114); Ride (1959, p. 54); 
and Stirton & Marcus (1966, pp. 349-359). 
15. The application is supported by Drs L. Dawson and T.F. Flannery (the only 
authors who have applied the names which we seek to suppress) and by Dr. A. 
Bartholomai, and Mr. G. Prideaux. 
Requests to ICZN 
16. The International Commission on Zoological Nomencl.ature is accordingly 
requested: 
(1) to use its plenary powers 
(a) to suppress the generic names Halmaturotherium Krefft, 1872 and 
Halmatutherium Krefft, 1873 for the purposes of the Principle of Priority but not for 
those of the Principle of Homonymy; and 
(b) to suppress the specific names scottii Krefft, 1870 and thomsonii Krefft, 
1870 as published in the binomina Halmaturus scottii and Halmaturus thomsonii, for the 
purposes of the Principle of Priority but not for those of the Principle of Homonymy; 
(2)(a) to place on the Official List of Generic Names in Zoology the name 
Procoptodon Owen, 1874, (gender: masculine), the type species by original designation 
(Owen, 1874, pp. 786-788) Macropus goliah Owen, 1845 (as 'Procoptodon goliah'); 
(b) to place on the Official List of Specific names in Zoology the name rap ha 
Owen, 1874 as published in the binomen Procoptodon rapha; and the name pusio Owen, 
1874 as published in the binomen Procoptodon pusio; 
(3)(a) to place on the Official Index of Rejected and Invalid Generic Names in 
Zoology the names Halmaturotherium Krefft, 1872 and Halmatutheriwn Krefft, 1873 as 
suppressed in (la) above; 
(b) to place on the Official Index of Rejected and Invalid Specific Names in 
Zoology the names scottii Krefft, 1870 and thomsonii Krefft, 1870 as published in the 
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binomina Halmaturus (?) scottii, and Halmaturus (?) thomsonii, and as suppressed in 
(lb) above. 
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Extracts from Davis (1989): 
PALAEONTOLOGICAL 
VERTEBRATE FAUNA 
ANALYSIS OF 
FROM PILOT 
SOUTHEASTERN NEW SOUTH WALES 
A LATE QUATERNARY 
CREEK, NEAR COOMA, 
Research report submitted as partial requirement for the Graduate Diploma in Applied 
Science, University of Canberra, 1989. 
ABSTRACT 
A palaeontological analysis is given of a 4000-5000 b.p. fossil bone 
deposit from Pilot Creek, near Cooma, south eastern New South Wales. A 
total of 757 vertebrate fossil remains is representative of 17 species 
of mammals from six families, three species of birds, and some reptilian 
material. Bones accumulated mostly as discarded food material of nesting 
Wedge-tailed eagles (Aquila audax), although some damage to the bones 
was attributed to fluvial processes. Sediments from the site can be 
referred to outer alluvial fan - flood plain lithofacies. 
The present-day distribution of vertebrate species from the site has 
altered considerably from the time of deposition. Over half the extant 
species no longer occur on the southern highlands; this is attributed to 
the effects of European settlement. The occurrence of the Tasmanian 
Water Hen (Gallinula mortierii) in the deposit significantly extends 
both its past geographical distribution, and its date of extinction on 
mainland Australia. 
A palaeoecological analyaia of the fauna indicatea that the area had 
permanent water and was covered by a combination of dry sclerophyll 
forest and grasslands. A palaeoclimate slightly wat"mer than that of ·the 
present day is indicated. 
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FIELD EXCAVATION 
Preliminary collection of fossil material and stratigraphic data 
were made at intervals between October of 1987 and July 1988 with the 
dual purpose of: 
1. establishing the extent of the bone deposit 
2. recovering exposed bone that would otherwise be lost by active 
erosional processes. 
The exact locality of all fossil material collected in the 
preliminary work was documented in a field note book using sketch maps 
and existing reference markers. 
Systematic excavation of the entire site was carried out over a 
period of fo~~months from August to November 1988 after a grid system 
had been erected. 
The Grid System 
Two datum posts were driven into the base of the west gully wall 
15 metres apart (Plates 2b and 3). They were labelled 'A' and 'p' and 
will remain at the site permanently in case the grid needs to be re-
erected for further work. Intervals of one metre were posted between 
posts A and P and marked alphabetically. Wooden pickets were then placed 
at right angles to the line of steel posts at 1 metre intervals and 
labelled I to IV. 
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Fig.2 Labelled Plan view of the grid showing the numbering system 
used. Plot X will have a co-ordinate of C.S, II.5, 3.0. 
£7 
To refine the grid further, string was used to dissect the squares 
into 1/2 metre cubic blocks. Depth was measured from the uppermost edge 
of the gully wall down to 4 metres and marked on each steel post, 
calibrated from post C-IV which was at the top of the gully wall. 
As each bone was recovered its depth was recorded using a water 
filled plastic tube which acted as a portable spirit level. One end was 
fixed to the nearest steel post while the other rested on the fossil in 
situ. 
The grid system enabled a grid reference consisting of three co-
ordinates to be allocated to each fossil describing its position. The 
co-ordinates were later used to reconstruct the entire site in three 
dimensions, as in Figure 12,to show the spatial relationships and 
concentrations of bone. The degree of accuracy of the coordinates for 
each bone depended on the recovery technique used. 
Recovery Techniques 
Each half cubic metre was picked using a variety of tools eg. 
shovel, small trowel, dental tools, and paint brushes. Any bone found 
during the picking stage was given a grid reference and placed in a 
labelled padded box. 
The appropriate technique for removal of each bone was established 
prior to further handling to minimise damage. Some long bones required 
splinting using PVA glue and sticks. Delicate skulls or articulated 
specimens such as the one seen in Plate 22 were first encased in a 
plaster jacket to maintain their arrangement. In some case~ as in the 
aggregation of bones in Plate 20, the information preserved in the 
arrangement of the bones as a whole was more important than the 
individual bones so it was removed intact in the matrix. Fragile bones 
such as hollow bird bones were impregnated with Bedacryl before 
removing to strengthen the bOne. 
Photographs were taken of the exposed bones to show their 
arrangement to each other and to the matrix. Photographs were also taken 
of the entire site before (Plate 2a), during (Plate 2b), and after 
the excavation (Plaste 3) to record structural features within the site 
that needed to be removed to: 
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a. gain access to the bone layers and 
b. gain a better underatanding of the stratigraphy. 
After each half cubic metre was picked the reaidue waa collectd and 
sieved at the site,in Pilot Creek. Thia ensured all fossil material was 
recovered that may have otherwise been overlooked by picking and reduced 
any bias toward large sized bones. The small bones, loose teeth and bone 
fragments recoverd were given coordinate• describing their location to 
within a half cubic metre. A single tiered sieve with a mesh size of 2mm 
was used with water to wash the matrix through. Wet aieving had the dual 
advantage over dry sieving of reducing damage to the bones and 
increasing their visibility. 
Taphonomy data collection 
Taphonomy literally means "the laws of burial" and involves the 
interpretation of fossil death assemblages. To determine how the fossil 
bones accumulated at the Poplara site field data was collected of the 
type listed below. 
-orientation of long bones 
-degree of sorting 
-any artefacts or evidence of Aboriginals 
-charcoal deposit~ 
-nature of breakage. 
The individual ages of species and the relative abundance of 
species has been treated in a separate chapter. 
PART 3:0RIGIH OP THB POSSIL DEPOSIT 
In order to determine how the fossil bones were accumulated a 
number of features were examined: the state of preservation of the 
bones; the arrangement of the fossils in situ; the species present 
within the fauna; the ages of individual specimens; and the nature of 
the host sediments. 
Most of the fossil bones from the Poplars locality are in 
relatively good condition , and have little evidence of secondary 
mineralization. However several specimens are encrusted with calcrete 
material, accumulated by post-depositional sedimentary processes (Cat. 
No.48747-48752, 48710 ; Plate 11). Others show small meandering 
tracltmarks and discoloration. This is possibly due to the bones being 
submerged in freshwater pools where they may have been attacked by 
invertebrates. 
The majority of bones have some damage to their overall original 
structure. The protruding processes on rami and vertebrae and the ends 
of many of the long bones have been broken off prior to burial. This 
damage does not seem to have been caused by mammalian carnivores which 
leave characteristic toothmarks (see Lundelius 1966 ; Horton & Right 
1981). The absence of incision and breakage damage as seen in bones from 
Aboriginal sites (Gould et al. 1977; Archer et al. 1980) along with the 
absence of artefacts or burnt bones implies there has been no human 
involvement in the site. 
One explanation for the causes of the damage to the bones might be 
the abrasive action of sediments in fluvial systems. However a number of 
other features in the site suggest that the bones were not carried any 
great distance by water. There is no orientation of long bones and no 
evidence of sorting of large and small bones. There is also a reasonable 
number of partially articulated specimens and three nearly complete 
skulls which would be expected to have broken up if transported any 
distance (eg. as in Plate 22.). The minor damage to the bones may thus 
have occurred during their burial in outwash loamy sands and muds (see 
Chapter 4). 
The overall arrangement of the bones within the site ,(Figure 12) 
, shows a definite concentration of bones and some scattered outlying 
specimens. Specimens in the grid area of H-K, I-II, 3-4m have most 
likely to have been relocated from their original burial positions by 
recent erosional processes .All other bones were found in what appears 
~n 
to be,, their original positions at the time of deposition. Plates 20 and 
21 show a major fossil bone aggregate found in situ in the matrix. This 
aggregate shows a lack of sorting and high degree of mixing of both 
large and small individuals. The articulated scapular and humerus within 
the aggregate (Plate 21) must have been buried soon after the death of 
that animal for it to have remained aligned. The rotated Hacropus 
sp.skull has the end of a large bone protruding through the orbit which 
suggests that the skull must have been well decomposed or picked clean 
at the time the bones were accumulating in the site. 
The arrangement of the bones as outlined above, together with the 
range of vertebrates found , their ages at death (Chapter 6), and the 
presence of partially articulated animals and skulls , indicate that 
fossil bones may have accumulated as discarded food material from large 
birds of prey, such as the Wedge-tailed eagle (Aquila audax). 
The feeding habits of the Wedge-tailed eagle, in south-eastern 
Australia have been well documented in a study done by Leopold and Wolfe 
(1969). They show that there are several typical features of the bone 
debris which accumulates on the ground below Wedge-tailed eagle nests. 
The bones are discarded from a height by the birds after they have 
eaten the flesh off the carcasses. Often the articulated limbs of large 
animals such as Hacropus giganteus are discarded along with heads and 
individual bones. The discarded food material accumulates in untidy 
heaps under the nests. The arrangement of the bones in the Poplars 
locality is typical of such a deposit. 
The diet of Wedge-tailed eagles as described by Leopold & Wolfe 
(1969) includes inter alia rats, kangaroos, wallabies, emus, swamp hens, 
magpies, and lizards. These are all represented in the fossil fuanal 
assemblage from the Poplars locality. Leopold & Wolfe noted that " most 
kangaroos captured by the eagles are pouched young or recently out of 
the pouch, but some considerable portions of the adult kangaroo remains 
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showing up below the nests represents carrion ..• " (Leopold & Wolfe 1969, 
p.10). The individual ages of the kangaroos in the sample fossil fauna 
fit into that expected in the diet of the Wedge-tailed Eagle. 
The absence of arboreal species such as possums and gliders in the 
fossil assemblage may be explained by the nocturnal behaviour of these 
..... ~111+ 
animals. The presence of the juvenile 11 in the site would be reasonably 
explained as having fallen prey to the eagle because of its very young 
age posing no threat to an attacking eagle. 
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APPENDIX Fl-3: T APHONOMIC ASPECTS 
APPENDIX Fl 
Sarcophilus harrisii (Tasmanian Devil) Feeding Trial 
Investigators 
Angela Davis, Geology Dept. ANU: Keryn Walsh, Prehistory Dept., ANU. 
Subject and Date 
Wayne, a young male Sarcophilus harrisii bred in captivity in Tasmania and on loan to the 
National Aquarium and Australian Wildlife Sanctuary, Canberra. 
24th March, 1993, 4.30 pm to 29th March, 1993, 8.30 am. 
Aim 
The aim of the feeing trial was to obtain comparative material for analysis of the bite 
marks inferred to have been produced on fossilised bone by marsupial carnivores. 
Proposal 
Carry out a feeding trial involving a Tasmanian Devil held in captivity at the National 
Aquarium and Australian Wildlife Sanctuary, Canberra. It consisted of no more than 
feeding a fresh kangaroo (Macropus giganteus) carcass (roadkill) to the devil and 
recovering the uneaten remains for taphonomic studies relating to the interpretation of bite 
marks preserved on fossilised bones from a vertebrate palaeontological site. New 
information was sort about the distribution and form of bite marks produced by 
Sarcophilus on bone elements, not just on leg bones as in previous studies (Sobbe, 
1990). 
Methods 
Planned Method: With the assistance of the animal keeper (Steve Gallivan) the evening 
meal would be replaced by the carcass of a kangaroo which has been gutted, and partially 
defleshed, but not dismembered. The devil will be observed from a distance. The 
following morning the remains of the carcass will be examined and a decision made as to 
whether to continue for a second evening or whether to consider the feeding trial 
complete. A modified repeat of the trial may be necessary. The scats will be collected 
from the floor of the enclosure after the feeding trial. (The diet prior to the trial will 
comprise boneless food, which is part of the normal diet of the captive devil). 
Observations and Actual Methods: (taken from field notes) 
24th March, 1993, 4.30 pm. Overcast stormy afternoon. The devil had been fed the 
previous night (mince), so appeared fat. One hind leg of M. giganteus carcass was placed 
in the enclosure. The devil appears very interested, grabbing it with teeth, chewing 
proximal end of femur where fresh flesh exposed. Chewed head of femur, using paws to 
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hold leg. Dragged leg around to back of enclosure. Yawned. Fell asleep. Second leg 
added to enclosure. The devil interested and chewed it for 30 minutes particularly around 
tibial crest and flange, tearing skin and flesh. We departed 5.30 pm. Rainy night. 
25th March, 1993, 9.00 am. 
On arrival observed Leg 1 still at back of enclosure and Leg 2 where we had left it. 
Observed the devil pick up Leg 2 and dragged it to rear of enclosure. Stood defensively 
over leg, 'yawning' not interested in eating but displaying protective and defensive 
behaviour. On arrival of keeper the devil immediately become active. Drawn into lair and 
locked in, while we collected scats (2 and half scats, small grey and fatty). Legs inspected 
and decision made to leave legs in enclosure for second night. 
26th March, 1993, 8.30 am. 
Met keeper who locked the devil in its lair. Entered enclosure and removed both legs, 
collected scats. One leg had fibula chewed off and some meat but otherwise not much 
visible evidence of chewing. Legs put in freezer at ANU. Decision made to fast the devil 
over weekend. 
28th March, 1993, 4.00 pm. 
The devil appears 'not as pot-bellied' having been fasted since Friday morning. Upper 
half of M. giganteus carcass added to enclosure. Observed and photographed feeding 
behaviour. First ate several fingers off both hands of carcass. Rolled entire carcass over 
in one flip. Dragged carcass by neck for several metres toward back of enclosure. 
Chewed at flesh and blood in body cavity and around rib cage. 
29th March, 8.30 am. 
Removed carcass from enclosure using hook: the devil leaping at carcass. Inspection of 
carcass showed fleshy ear tips had been chewed, more of fingers removed, rib flaps 
chewed, and part of vertebral column from inside, otherwise intact. Carcass put in 
freezer. The devil was returned to normal mince meat diet 
The carcass and legs were later wrapped in a wire parcel and buried in a disused vegetable 
garden at 'Yalcowinna', Cooma. Six months later the remains were exhumed, gently 
washed in water and inspected. 
Results 
Marks attributed to the devil during the feeding trial were found on the following bones: 
the distal ends of two ribs; the spinal process on one vertebra; the transverse process of 
one vertebra; the greater trochanter of one femur, and the head of the same femur. All 
marks are similar to those described by Sobbe (1990) including Category II (pits and 
scratches) and Category III (large punctures with spongy bone removed). 
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Pathological Deformities 
Appendix F: Taphonomic Aspects 
Within the collection from Pilot Creek three specimens have been recognised as showing 
deformities. Of these two are dental abnormalities: specimen D48702 comprising 
additional cusps on the right Mt; specimen D48763 possessing an extra lower right 
premolar. Both are described and discussed in Chapter 3. Of the macropodine mandibular 
rami in the collection none show evidence of Necro/Jacillosis (lumpy jaw) common in the 
taxon (see Speare et al. 1989). 
The third specimen (092020113) comprises skeletal elements from a semi-articulated 
skeleton of Macropus sp. from 'Double Dutch Site'. The right femur, tibia and fibular 
show gross bone deformity in the 'knee' region from a destructive lesion with secondary 
degenerative deformities. 
The destructive lesion (probably osteomyelitis) has most severely affected the left tibia in 
the epiphysial growth zone where the cartilaginous plate would normally occur. It has 
caused destruction of the plate and bone pitting and swelling extending downward into 
the top 3 cm of the tibial shaft and upward into the distal lateral femoral condyle. 
As a consequence of the primary infection, the epiphysial plate has collapsed and the 
bony elements (intercondylar eminence, tibial tuberosity, medial and lateral condyles) 
degenerated and partly fused to the tibial shaft. The continuing use of the damaged limb 
has resulted in abnormal wear facets (ebonization) forming on the deformed epiphyseal 
plate and on the corresponding articulation surf aces on the medial and lateral distal 
condyles of the right femur. 
On the left tibia, opposite the infected limb, there is a small bony outgrowth (exostosis) 
on the anterotibial surface (shin) 215-220 cm from the epiphysial line. The exostosis is 
approximately 2 mm high and is in the region of tendon attachment of them. tibia/is 
cranialis. If undue stress were placed on the left limb to compensate for the deformed 
right limb then a 'shin splint' could quickly develop at the tendon insertion point (D. 
Poland, pers. comm. 1992). No evidence of stress was observed in the pelvis or other 
limb elements. 
The nature of the pathological deformities indicate the infection was acute rather than 
chronic. The widths of the left and right epiphysial plates are similar, suggesting growth 
of the individual stopped about the time the infected plate collapsed. Furthermore, the 
primary infection is confined to only the right 'knee', both suggesting the animal died 
relatively soon after the infection had become established. The time needed to develop 
ebonization and shin splints in kangaroos is unknown: in humans similar deformities can 
develop within a few weeks (D. Poland, pers. comm.). 
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APPENDIX F3 
Burnt Bones 
The only evidence of burnt bone in the collection is a specimen (048805) from Pilot 
Creek from the Pilot Creek Formation. It was collected by E. Ride in 1982 from the east 
bank, 4.5m south of 'Main' datum. Information on the positions of the bone elements to 
each other is unavailable. The specimen is from a macropod, cf. M. titan and comprises 
the following eight right foot elements: proximal ends of IV and V metatarsals, proximal 
end II metatarsal, tarsal IV, central tarsal (navicular tarsal bone), two tarsal fragments, 
and the talus. Of all these only the talus is charred indicated by blackening and crazed 
cracking of its surface. The talus is lightly charred on all sides except the partial head and 
trochlea where the charring has penetrated beyond the periosteum into the deeper 
cancellous bone. It has not undergone calcination. The bones articulating with the talus, 
including the calcaneum and tibia, are missing. 
The discrimination between the two possible processes of charring bone, either natural 
bushfire or deliberate cooking fire, is difficult. Various experiments have been performed 
by others on bone under controlled conditions to describe bone changes (chemical, crystal 
structure, colour, cracking etc.) in relation to temperature and to condition of bone at the 
time of burning (see Shipman, 1988). Horton (1976) suggested lightly burnt bones and 
those burnt on one surface were probably from bushfire, while those heavily-burnt were 
probably man-made fires. Differences in the interpretation of the burnt bone from 
Mammoth Cave by Merrilees ( 1967) and Archer et al. ( 1980) exemplify the problem of 
discrimination. 
As yet there are no definite criteria for distinguishing the two processes of charring bone. 
In the absence of such criteria the cause of the firing process that affected the Late 
Pleistocene specimen from Pilot Creek cannot be deduced. 
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